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ABSTRACT 
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materials  for  use  in  vocational  and  technical  education,  is  the  fir^t 
of  A  two-course  series  that  teaches  students  to  maintain  and  repair 
*  Automotive  and  construction  equipment  using  either  gasoline  or  diesel 
4ngines.  It  covers  basic  combustion  engine  principles  and  electrical 
system  principles  as  well  as  troubleshooting,  diagnosis,  and 
adjustment  procedures.  The  course  contains  two  phages  covering  105 
hours  of  instruction.  Phase  1  on  gasoline  engines  contains  two  units 
including^n  introduction  to  the  course  and  information  on 
gasoline-engine  repairs  and  adjustments.  Phase  2  on  diesel  engines 
covers  maintenance  and  repair^.,Jto— C^erpillar ,  International,  General 
Motors,  and  Cummins  diesel  engines.  The  course  contains  both  student 
and  teacher  materials.  Printed  instructor  materials  include  a 
curriculum  outline  for  the  course  and  instruclbpr •  s  guides  for  each 
phase.  The  curriculum  outline  includes  an  introduction  to  the  course; 
outline  of  instruction;;  outline  of  training  objectives;  lists  of 
texts,  Preferences,  tools,  eguipnent,  materials,  training  aids  and" 
devices,  training  aid  equipment;  and  a  masjter  schedule.  The  ^ 
instructor  guides  include  the  lesson  plans  for  each  unit.  Student 
materials  include  7  job  sheets,  11  information  sheets,  and  1  work 
sheet.  (KG)  • 
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*  ^  .         MTT.TTARy  ojRMcuLUM  materi;als 

•me  military-developed  curriculuin  materials  in  this  course' 
padcage  were  selected  by^  the  National  Center  for  Research  in 
'Vocational  E^iucation  Military  Curriculum  Project  for  disson- 
ination  to  the  six  regiori^  Curriculuin  Ccordination  Centers  and 
other  ii>structional  materials  agencies-    The  purpose  of 
dissendnatihg  tliese  courses  was  to  make  corriciilum  materials 
enveloped. by'  the  military  more  accessible  u>  vocational 
educators  in  the  civilian  settin<^/ 

The  course  materials  were  acxjuired,  evaluated  by  project 
staff  and  practitioners  in  the  field,  and  prepare  for 
dissemination-    Materials  which  were  specific  to  the  rilitary 
'.vere  deleted,  copyrighted  materials  were  either  onitced  or  appro- 
val for  their  use  was  obtained-    These  course 'packages  contam- 
curriculum  resource  materi^s  which  can  oe  adapted,  ta  support 
'vocational  instruction  and  curriculum  develoanent- 
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The  National  Center 
Mission  Statement 


The  National  Center  for  Research  in 
Vocational  Education's  mission  js  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educational  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission -by: 

•  Generating  knowledge  through  research 

•  Developing  educational  programs  and 
products 

•  Evaluating  individual  program  needs 
and  outcomes 

•  Installing  educational  programs'and 
products 


Operating  information  systems  and 
service's 

•  Conducting  leadership  development  and 
training  programs 

.FOR  FURTHER  INFORMATION  ABOUT 
Military  Curriculum  Materials 

WRITE  OR  CALL 

Protjram  In  formation  Office 
The  National  Center  for  Research  in  Vocational 
Education 
i  t       The  Oh/o  State  University 
*      1960  Kenny  Road,  Columbus,  Ohio  43210 
'  Telephone:  614/486-3655  or  Toll  Free  800/ 
848  4815  within  the  continental  U.S. 
(except  Ohio)  . 


Military  Curriculum 
Materials  for  • 
Vocational  and 
Technical  Education  i 


Iiiforrnn'ilon  niuf  Field 
f.^crvicos  Dh'inion 


Tho  n^MonTf  Conlor  for  ncr.onrch 
in  Vocctionnl  EducoUon 
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urriculum  Materials 
issemination  fe  . . . 
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What  Materials 
Are  Available? 
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art  activity  to  increase  the  accessibility  of 
military  developed  curriculum  materials  to 
vocational  and  technical  educators. 

This  project^uacted  by  the  U.S.  Ofjice  of 
Educationf^rrcTudes  the  identification  and 
ocquisftion  of  curriculum  materials  in  [)rint* 
form  from  the  Coast  Guard,  Air  Force, 
Army,  Marine  Corps  and  Navy. 

Access  to  military  curriculum  materials  is 
provided  through  a  "Joint  Memorandum  of 
UndcfStanding"  betwe(Mi  .the  U.S.  Office  of 
Education  and  the  Department  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicabfe  tc^. vocational  and  tech- 
nical education  are  selected  fOr  dissemination. 

The  National  Center  for  flesearch  m 
Vocational  Education  is  the  l(.S.  Office  of 
Education's  desicjnaled  repres)2^ntative  to 
acquire  the  materials  and  conduct  the  project 
activities. 

Project  Staff: 

Wesley  E.  Budke,  Ph.D.',  Director 
National  Center  Clearinghouse 

Shirley  A.  Chase,  Ph.D.  \  • 

Project  Director 


On£  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of* 
each  hcive  been  provided  to  the  vocational 
Curriccilum  Coordination  Centers  and  other 
instructional  materials  agencies  for  dissemi- 
nation. 

Course   materials   include  programmed 
instruction,  curriculum  outlines,  instructor 
guides,  student  workbooks  apd  technical 
manuals. 

The  120  courses  represent  ^.the  following 
sixteen  vocational  subject  ar'^^s:  ^ 

w  \ 


Agriculture 
Aviation  \ 
Building  & 

Construction 

Tr^ades 
Clerical 

Occupations 
Communications 
Dhifling 
Electronics 
Engine  Mechanics 


^Eodd  SeWice.^ 
:Health  \\ 
Heating  j|  Air 

Conditioning 
Machine  Shop 
Management  & 

Supervision 
Meteorology  & 

Navigation 
Photography 
Pul^lic  Service^ 


RLC 


The  number  of  courses  and  the  subject  areas 
represented  wilf  expand  as  additional  male-^  • 
rials  with  application  to  vocational  and 
teclinical  education  are  identified  and  selected 
for  dissemination. 


How  Can  These 

Materials  Be  Obtained;?, 

^ ,     . .    ......  .J 


Contact  the  Curriculum  Coordination  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost).  They 
will  respond  to  yoor  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 
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Co\ir%m  OMcnption 

Thiscourjt  «s  ih«  fim  of  a  rwD-coursc  sene*  whicft  iMcnw  Jiudants  to  mamum  and  repair  automotivt  and  construction  equtpmem  ustng  euhtf  gasoline 
or  ditsti  angints.  It  covtre  basic  conr>txistion  ensm*  princtpiasand  eiectncai  systam  pnnctp^es  as  as  troubmshooting,  diagnoses,  and  adiustment  pro- 
cedurts.  This  coursa  contains  two  |>h«sas  covering  1 05  hours  of  instruction. 

Phase  \    -       Gmohn^  Bngioes  conuins  two  units  including  an  introduction  to  the  course  and  information  on  gasoline  engine  repair  and  adjustment 
One  orientation  and  registration  lesson  wvs  deleted.  The  units,  lessons,  and  hours  follow: 

Unit  1     —  Introduction 

* 

1.1.2  Study  Techniques  (1  hour  classroom) 

^    1J.3  Safety  Policies  (1  hour  classroom) 

Unit  2   '  "       (iasoliiw  Engine  Repair  and  Adjustment 

1.Z1  Internal  Combustion  Engine  Principles  05  hours  classroom,  5  hours  practical) 

1.2.2  Electrical  System  Principles  (18  hours  dassroom,  4  hours  practical) 

1^.3  Gasoline  Engine  Disassembly  (4  hours  classroom,  7  hours  practical) 

1.2.4  Inspection  and  Measuring  of  Engine  Components  (5  hours  classroom,  10  hours  practical) 

1.Z5  Gasoline  Engine  Assembly  (2  hours  classroom,  8  hours  practical) 

1.2.6  Gasoline  Engine  Trouble,  Diagnosis  and  Adjustment  (10  hours  classroom,  15  hours  practical) 

Phase  2    —       Ores*/  Sngines  contain  four  units  covering  1 21  hours  of  instruction.  A  fifth  unit  was  deleted  because  It  deals  with  a  specific  piece 
of  military  tactical  equipment.  a 

Unit  1     —      Caterpillar  Di«ae4  Engine  Operation  and  Maintenance 

Z1.1       Caterpillar  Diesel  Engine  Operation  (5  hours  classroom,  2  hours  practical) 

Z1.2      Caterpillar  Diesel  Engine  Maintenance  (11  hours  classroom,^  hours  practical)  . 

Unit  2     -       lntem«tk>nal  Dieeel  Engine  Operation  and  Maintenance 

ZZ1       International  Diesel  Engine  Operation  (2  hours  ctau^om,  2  hours  practical) 
ZZ2       International  Diesel  Engine  Maintenance  (11  hours  classroonrv  18  hours  practical) 

Unit  3     -      Qenerai  Motors  Dieeei  Engine  Operation  and  Maintenance 

Z3.1       General  Motors  Diesel  Engine  Operation  (4  hours  classroom,  2  hours  practical) 
Z3.2       General  Motors  Diesel  Engine  Maintenance  (10  hours  classroom,  16  hours  practical) 

Unit  4     -       Cummins  Dieeel  Engine  Operation  and  Maintenance 

Z4.1       Cummins  Diesel  Engine  Operation  (2  hours  classroom,  2  hours  practical) 
Z4.2       Cummins' Diesel  Engine  Maintertance  (8  hours  classroom,  13  hours  practical) 

This  course  contains  both  student  and  teacher  materials.  Printed  instructor  materials  include  a  curriculum  outline  for  the  course,  and  instructor's  guides 
for  each  phase.  The  curriculum  outline  includes  an  introduction  to  the  course,  outline  of  instruction,  outline  of  training  objectives,  and  lists  of  texts, 
references,' tools,  equipment,  meterials,  training  aids  and  devices,  training  aids  equipment,  and  a  master  schedule.  The  instructor  guides  Include  the 
lesson  plans  for  each  unit.  Student  materiars  include  7  job  sheett,  1 1  Information  sheets,  and  1  work  sheet. 

This  two-course  series  requires  a  considerable  amount  of  additional  matenal.  Twenty-seven  recommended  commercial  texts  and  technical  manuals  are 
not  provided.  Seven  additional  military  and  commercial  references  are  suggested.  Twenty-three  military  and  fourteen  commercial  films  are  recommended 
but  are  not  provided  for  use.  Twenty-two  slide  films,  thirty-seven  slides,  two  transparencies,  and  eight  charts  are  also  suggested.  The  instructor  may  be 
able  to  substitute  similar  materials  whicb  are  on^hand  for  t^ese  items. 


CMn-A41 
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INTKOOUCTION 


1.  This  curriculum  was  developed  by  Naval  Construction  Training  Center, 
Port  Hueneme,  California    93043, 'as  Course  Model  Ma;iager,  and  is  effective 
upon  final  appi:oval  of  the  Chief  pf  Naval  Technical  Training. 

2.  Commands  are  invited  to  submit  explicit  comments  on  the  content  of  this 
curriculum  to  the  Commanding  Officer,  Naval  Construction  Training  Center, 
Port  Hueneme,  California    93043,  with  Copies  to  the  Ciiief  of  Naval  Technical 
Training,  Naval        Station  Memphis  (75),  Mllllngton,  Tennessee  38054  and 
the  Commanding  Of^cer,  Naval  Construction  Training  Center,  Gulf  port, 
Mississippi  39501. 

3.  Training  Notes 

t  •  . 

This  course-h^s  been  developed  and  designed  in  accordance  with  the 
principles  of  systems  engineering.    In  order  to  insure  that  the  objectives  of 
each  unit  are^met,  it  is  expected  that^the  inptructor  will  teach  the  topics 
as  outlined  in  accordance  with  the  referenced  publications.    Deviation  is 
allowed  only  to  exceed  or  supplement  the  required  instruction.  Lesson 
outlines  in  the  instructor  guides  are  to  be  used  as  a  guide  in  the  presentation 
of  the  lesson.    While  it  is  compulsory  that  all  objectives  of  each  training 
period  be  met,  it  is  recognized  that  the  specified  times  established  for  each 
lesson  may  vary  with  the  achievement  level  of  each  group  of  students,  the 
number  of  students  per  cycle,  the  ijistructor-to.-student  ratio,  and  the 
availability  of  facilities.    It  is  the  responsibility  of  the  school  to  provide 
for  the  efficient  implementation  and  administration  of  this  publication  and 
to  ensure  that  each  of  the  learning  activities  outlined  herein  is  taught  in 
a  manner  which  provided  a. maximum  gain  in  knowledge  and  skill  for  e^ch  student. 

4.  Training  Methods  *  •  , 

a.    The  traditional  methods  of  conference,  demonstration  and  practical 
exercise  are  used  during  this  course  of  instruction.    In  keeping  with  changes 
which  potentially  will  benefit  the  instruction,  other  methods  are  also  included 

(1)  Information  presentations:    These  are  designed  primarily  to  make 
information  available  in  a  group  setting,  have  no  objectives,  and  are  not 
instructional.    No  tests  are  given  on  information  presentations. 

(2)  Self-study  text  materials:    These  individualized  materials  do  have 
objecpives  and  are  instructional  and  will  be  tested  at  the  end  of  each  section 
of  the  student  workbook. 

* ,  " 

(3)  Group  audio-visual  presentations:    These  presentations  can  be 
either  informational  or  instructional. 

<^ 

(^)  ,  Progress  evaluation  test;    Tests  that  are  inserted  at  critical 
points  to  determine^ student's  capabilities  to  perform  objectives. 

(5)  Group  interactive  lecture:  Group  participates  by  responding  to 
situations  presented  verbally  by  the  instructor  ^r  in  the  workbooks  provided 
to  the  students. 


b.  schools  will  emphasize  the  importance  of  performance-orientated 
training  wherein  leaming-by-doing  rather  than  listening  and  watching  is 
practiced.  Time  devoted  to  the  traditional  mfethods  of  instruction  will 
be  limited  in  favor  of  the  more  recent  methods  outlined  in  paragraph  4a. 
Althpugh  some  of  the  methods  depend  to  a  great  extent  on  availability  of 
audiorvisual  aids,  there  are  other  alternatives  that  can  be-  developed  at 
the  training  center  using  exist.J.hg  material. 

c.  The  student  learns  best  in  a  job-relevant  environment.  Time 
devoted  to  lectures,  conferences  and  demonstrations  should  be  held  to 
the  minimum  required  for  e:iplaining  the  objectives,  course  organization,^ 
safety  precautions,  and  other  introductory-type  subjects  pertinent  to 
the  course. 

5 .    Testing  Concepts; 

Criterion  testing  (tests  designed  to  measure  performance  of  specific 
objectives)  will  be  used  to  measure  student  performance.    Each- student 
will  be  tested  on  each  learning  objective  to  the  level  of  proficiency 
stated  in  the  objective.    A  series  of  perfonnance  tests  for  each  scheduled 
evaluation  is  provided  at  the  end  of  each  unit.    Each  test  requirement  or 
problem  -is  closely  related  to  specific  training  objectives  and  performance  ^ 
standards.    Standards  of  proficiency  are  stated  explicitly  in  performance 
tests   •  Proficiency  testing  is  conducted  using  the  pass/fail,  go/no-go 
technique.    Student  performance  during  the  formative  tests  will  provide 
indicators  as  to  need  for  additional  training  on  an.  individual  or  group ^  ^ 
basis.    Performance  on  the  pass/fail  tests  xionducted  after  each  phase  of\ 
Che  course  provides  the  basis  for  determining  whether  or  not  a  student  will 
be  graduated,    "nit  tests  will  be"  used  in  determining  class  standing  and 
honor  graduates. 

^.    How  to  Use  Instructor  Guides.  ^ 

Instructor  Guides  are  provided  for  each  topic  and  include  supporting 
instructional  materials  and  aids  iderfflfied  by  the  topic  number  and  preceded- 
by  a  letter  code  designation.    The  letter  cod6  key  is  as  follows:  ^ 

AS  -  Assignment  Sheet  •  * 

^S  -  Job  Sheet 

IS  -  Information  Sheet 

CN  -  Class  Notes  •  • 

TR  -  Transparency 
OS  -.Operation  Sheet 

T  -  Test 
FT  -  Final  Test 
DS  -  Diagram  Sheet 
-  Problem  Sheet 
PE  -  Performance  Evaluation 
WB  -  Workbook 

G  -  Definition  of  Item  in  General  •  .  '  * 

A  complete  list  of  all  supporting  materials  and  aids  is  documented  with 
full  descriptive  titles  in  ANNEX  I  thru  VI'I. 

Vi 
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The  instructor  guides  are  intended"  to  be  usiad  as  master  lesson  pldns 
subject  to  personalisation  by  the  individual  instructor.    In  all  cases, 
i^  ^gTivppr^pd  fhat  the  instructor  will  study  the  references  in  preparation 
for  annotating  the  guide-    It  is  also  expected  that ^each  instructor  will 
develop  an  appropriate  introduction  for  e^ch  topic  that  will  (1)  create 
interest,  (2^  show  Che  value  of  the  topic  ta  the  student, ^(3)  relate  the 
topic  to  previous  and  future  topics  in  the  course,  an^  (4)  bonanunicate  .the 
learning  objectives  'o'the  scudent.    Well  prepared  introductions  will  then' 
provide  the  important  motivational  conditioning 'to  establish  readiness  and 
effect  for  learning  appropriate  to 'each  topic- 

The  first  page  M  each  instructor  guide  contains  the  follpwing  functional 
information:  -  -     ■        '  , 

1.    Topic  of  Lesson  -  ,» 

Z.    Time  in  Periods 

3.  References 

4.  Instructional  Aids 

5.  Instructional  Materials  '  . 

6.  'Objectives  (Terminal*  and  Enabling)  j 
?•    Topic  Criterion  Test  (as  applicabl^) 
8.    Homework  Assignment  <when^ applicable) 

The  pages  following  page  1  of  each  instructor  ga£d«^ovide  in  a  three- 
column  format  the  teaching/learning  procedures  for  conducing  the  lesson. 
Th'e  left-hand  column  includes  the  outline  of  instructional  cpntent  requic^ed 
by  the  objectives;  the  center  column* includes  recommended  instructor  activities 
or  methodology;  the  right-hand' column  contains  recommended  student  learning 
activities.  ,      ■  ,  .  ■ 

a.  While  the  methodology  and  stu'dent  learning  activities  documented  in  ^ 
*  each  instructor  guide  have  been  tested  and  proven  to  be  effective  for  the 

lead  school,  those  schools  implementing  this  curriculum  are  encouraged  to 
exercise  creativity  in  designing  learning  exercises  and  conceiving  methods 
.ana^echniques  to  meet  course  objectives. 

b.  Instructors  and  supervisors  of  instruction  should  constantly  evaluate 
the  program  and.  seek  new  and  more  effective  methods,  content,  and  procedures 

^to  improve  their  instruction.    When  changes  in  this  curriculum  "Bfecome  necessajry 
because  -tof  new  developments  or  because  of  needs  that  become  evident  through 
experience  gained  in  using  the  curriculum,  the  School  command  is  encouraged  ^ 
to  take  appropriate  action.  .The  types  of  changes  and  the  conditions .under 
which  they  will  be  made  are  as  follows: 

(-1)   .Type  A  changes  and  those  of  course  length;  change  in  title. of  ^ 
the  course;  or  addition,  deletion  or  alternation  of  blocks  of 'subject  matter 
to  such  an  extent  that  the  objectives  of  courses  are  changed,  or  that  logistics, 
-  — personnel  allocations,  funds  and-  the  like«.become^J.nvolved.    For  Type  A  changes, 
the  CNTECHTRA  (Cocjie  0162A)  must  participate  in  the  planning,  development  and 
execution.    Type  A  changesr  may  not  be  made  effective  until  approved  by  the' 
-  Chief  ofi^Naval  Technical  Training . 
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(2)  '  Type  B  changes  are  those  within  established  structure  of  the 
course  such  as  changes  'in  instrudtiotval  emphasis  that  arc  brought  about  by 
changes  in  topic  content  or  time  re-allocation  (other  than  minor  adjustments 
in  time),  changes  in  instructional  procedures,  and  similar  actions  that 
will  alter  the  objectives  of  a  topic •    For  Type  B  changes,  approval  of  the 
Chief  Qf  Naval  Technical  Training  must  be  gained  prior  to  implementing. 

the  changes • .  ' 

(3)  Type  C  changes  Include  corrections  of  clerical  errors;  insertion 
of  titles  and  designation*;  jf  new  films;  publications,  and  equipment;  minor 
adjustments  in  time  allocations;  additional  suggestions  to  assist  the  instructor 
and  so  forth*    For  Type  C  changes,  the  Chief  of  Naval  Technical  Training  must 

be  notified  in  writing  of  the  nature  of  the  changes,  with  sufficient  Information 
on  the  mechanics  of  the  changes  to  make  possible  the  maintenance  of  an  up--t;o- 
date  copy  of  the  curriculum.    In  order  fctf  avoid  unnecessary,  paper  work. 
Type  C  changes  may  be  accumulated  and-Zreported  only  when  the  quantity'  or 
occasion  warrants. 

c.  •  Formative  Test:    During  the  classroom  phase  of  the  instruction  at 
specific  checkpoints  identified  by  the  instructor,  informal  written  tests 
will  be  administered  to  demonstrate  mastery  of  specif ic^subjects •  These 
tests  are  designed  to  reinforce  learning.    Tests  are  administered  at  the 
end  of  each  unit  of  instruction.    Formal  tests  may  vary  from  10 25  multiple- 
choice  questions  and  will  have  bearing  to  influence  class  standing  and  to 
determine  honor  graduates. 

7.    Peer  Instruction. 

It  is  envisioned  that  those  students  who  learn  faster  or  who  have  previously 
developed  a  particular  skill  can  be  used  (after  demonstrating  proficiency  « 
in  the  subject)^  as  peer  instructors  to  assist  slow  learners This  technique 
enhances  motivation  and, early  subject  mastery  while  minimizing  requirements* 
Care  shmxld  be  taken  not  to  pair  students  with  widely  disparate  learning^ 
abilitJ^s.  i.e.,  a  student  who  has  finished  step  10  should  not  be  paired' 
with  a  student  who  is  finishing  step  2.    He  should  help  a  student  who  is 
finishing  step  8  or  9  and  a  student  who  has  finished  step  3  or  4  should 
help  the  student  at  step  2.    In  this  way^  there  is  a  better  chance  that  there 
will  be  no  resentment  of  the  peer  instructor  and  he'wlll  also  receive 
reinforcement  from  the  instruction,  having  5*ust  completed  the  task  himself « 
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COURSE  DATA  PAGE 


COURSE  MISSION:  To  provide  badic  technical  knowledge  and  skills  in  performing 
maintenance  and  repair  of  autotnoCive  and  construction  .quipment  in  preparation 
for  Imnediate  usefulness, to  Che  construction  forces  as  Construction  Mechafiics. 

PREREQUISITES:    Selected  CN,  CA,  SN,  FN  and.      candidates  should  be 
volunteers  for  Group  VIII  ratings. 

OBLIGATED  SERVICE:    See  TRANSMAN,  NAVPERS  15909  • 

SECURITY  CLEARANCE  REQUIRED :\  None. 

NEC  GAINED;  None 

PHYSICAL  REQUIREMENTS:  None 

PREREQUISITE  TRAINING  AND/OR  BASIC  BATTERY  TEST  SCORES  REQUIRED: 

USN    -  GCT  +  Mech  +  Shop  Pract  «  150 
USNR  -  GCT  +  Mech  »  100 

GRADING  WEIGHT  FACTORS:    Performance  of  tasks  throughout  the  course  will 
be  graded  on  a  go/no  go  basis  vith  written  tests  given  at  the  end  of  each 
topic. 

Final  result  to  be  class  ranking  specifically. designed  to  enable  the  Commanding 
Officer  to  comply  with  Bureau  of  Naval  Personnel  directives  relative  to 
cla^ss  standings. 


OUTLlilE  OF  INSTRUCTION 
PHASE  1 
GASOLINE  ENGINES  * 


TOPIC      UNIT  1 

Introduction 

1.1.0  NAVCONSTRACEN  Indoctrination 

1.1.1  Registration  and  Orientation 

1.1.2  Study  Techniques 

1.1.3  Safety  Policies 


CLASS     PRACT     TOTAL,  PAGE 


4 
1 
1 
1 


0 
0 
0 
0 


4 
1 
1 
1 


5 
5 
5 


UNIT  2 
Gasoline  Engine  Repal 


and  Adjustment 


1.2.1  Internal  Combustion  Engine  Principles 

1.2.2  Electrical  System  Principles 
.1.2.3     Gasoline  Engine  Disaisembly 

1.2.4     Inspection  and  Measujring  of  Engine 

Components  ^ 
'1.2.5      Gasoline  Engine  Assejobly 
'1.2.6     Gasoline  Engine  Troujjle,  Diagnosis 

and  Adjustment 

PHASE  2 
DIESEL  ENGINES 


15 

5 

20 

6 

18 

4 

22 

6 

4 

7  • 

11  • 

V  6 

5  ' 

10 

15- 

6 

2 

8 

10 

6 

10 

15 

25 
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.  54 

49 

103 

UNIT  1 

Caterpillar  Diesel ^Engine  Operation 
and  Maintenance 


2>1.1  Caterpillar  Diese] 
2.1.2     Caterpillar  Diesel 


Engine  Operation 
Engine  Maintenance 


5 

11 


16 


2 

13 


15 


7 
24 


31 


2.2.1 
2.2.2 


UNIT  2  , 

International  Dljbsel  Engine  Operation 
and  Maintenance 

International  Diesel  Engine  Operation  2 
International  Ijfiesel  Engine  Maintenance  11 


2 
18 


20 


4 

29 


33. 


8 
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TOPIC     UNIT  3 

General  Motors  Diesel  Engine  Operation 
Hnd  Maintenance 

2.1.1  General  Motors  Diesel  Engine  Operation 

2.3.2  .General  Motors  Dieiel  Engine 

Maintenance 

UNIT-  4 

Cunaains  Diesel  Engine.  Operation  and 


2.4.1 
2.4.2 


2.5.1 
2.5.2 


Maintenance 


'K 


Cummins  Diesel  Engine  <^ration 
UNIT  5  , 

LD465-1  flultifuel  Engine  Operation 
and  Maintenance 

LD465-1  Multifuel  Engine  Operation 
LD465-1  Multifuel  Engine  Maintenance 


PHASE  3 


CLASS     PRACT  TOTAL 


4 

10 


14 


10 


3 
8 


11 


AUT(»IOTIV^'"CHASSIS  AND  POWER  TRAIN 


2 
16 


18 


2 
13 


15 


2 

15 


17 


6 
26 


32 


4 

21 


25 


5 

23 


28 


PAGE 


8 
8 


9 
9 


9 

10 


3.1.1 
3.1.2 
3.1.3 
3.1.4 


4.1.1 
4.1.2 
4.1.3 


UNIT  1 

Automotive  Chassis  an^  Power  Train 
Maintenance 

Suspension  System  Service 
Automotive  Power  Train  Service 
Brake  System  Service 
Servicing  the  M-715  1  11/4  Ton  Cargo 
Truck 


•PHASE  4  • 
.  '  HEAVY  EQUIPMENT  CHASSIS  AND  POWER  TRAIN 

UNIT  1  ^ 

Crawler  Tractor  Power  Train  Maintenance 


Oxy-Mapp  Gas  Cutting 
Construction  Equipment  Pow6i!  Trains 
Adjustment  of  International  Model  260 
Cable  Control  Unit  i 
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13 

10 
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29 

35 

10 
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27 

11 
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4 
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61 

83 
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TOPIC     UNIT  2  '  •  CLASS  '  PSACT     TOTAL  PACE 

Graduation 

4.2.1     Gradumtion  0  _i  

Oil 

*  Tottl  Classroom  Periods    -  163 

*  Total  Practical  Periods    -  Z32 
Total  Periods  for  Course  -  395 

Total  Weeks  for  Course  -  13  Weeks  and  5  Hours 

**    Total  GMT  Periods  -  66 
***    Total  Admin  Time    -    9  hours 
« 

*  All  periods  represent  60  minutes  of  actual -instruction 

**    GMT  -  General  Military  Training  required  by  <^PNAV  Instructions  1500.22 
Series,  6330.1  Series  and  other  current  instructions  to  include  physical 
training,  upward,  drug  and  alcohol  abuse,  etc. 

***  Admin  Time  -  Time  before^- graduation  to  permit  out-processing  of 
students,  i.e.  shots,* JAMTO,  text  book  return,  course  critique, 
BEQ  and  school  field  day. 
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OUTLINE  OF  TRAINING  OBJECTIVES 

Contact  Hours : 


OKIT  1.1  INTRODUCTION 
Tor™ln«l  Oblective: 'Upon  completion  of  this  unit  each  student  will  have 

Topic  1.1.0    NAVCONSTRACEN  INDOCTRINATION  Contact  Hours:      A  . 

c^oKHns  Oblectives:*    Upon  completion  of  this  topic  each  student  will  be 
ab!e  to'aSier  Jues  ions  pertaining  to  key  points  on  the  organization, 
fission  a^regJlations  o?  C^C  and  NAVCONSTRACEN.    The  student  will 
co^lete  Response  Sheet  001/911C  with  100%  accuracy. 

Topic  VI. 1    REGISTRATION  AND  ORIENTATION  Contact  Hours:  1 

Fn.hllne  Oblectives:    Upon  completion  of  this  topic  each  student  will--tiiive 
Enabling  '      ^      received  textbooks,  met  his  class  counselor, 

vnrltten  material. 

Topic  1.1'.2    STUDY  TECWQUES  Contact  Hours:  1 

E„abU„,  Objective,:    upon  co.pXction  o^^^^ 

tfaS' llL'tS:  c™tfib"trs  t:  ?h:"lnce.e^t  of  sood  sf^,  techni,nes. 
Topic  1.1.3    SAFETY  \ 

ri^rpfo-r.:.."/-^^^^^ 

that  will  be  enforced  in  this  school. 

UNIT  1.2    INTERNAL  COMBUSTION  ENGINES  .  Contact  Hours:  103 

T      Ar..^  nhlectlve-    Upon  completion  of  this  unit  each  student  will  be  able 

with  Jo^  SBeets  CM  /^"^^  1.2  .3.1,  ^^^^  Engine 'Diagnosis  and  Ad- 

-l3r^"i^?irri?ori?lf  ^^l"n;S;;/rii'p?ess„.e  ana  coolant  . 
temperature  In  normal  operating  range. 
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Topic  1.2.1    INTERNAL  COMBUSTION  ENGINE  PRINCIPLES         Contact  Hours:  20 

Enabling  Objectives:    Upon  completion  of  this -topic  ea.:h  student  will  be 
able  to  identfiy  and  .select  with  lOOX  accuracy  All  engine  parts  while 
considering  principles  of  operation  of  an  i^itemal  combustion  engine. 
He  will  be  evaluated  on  a  continuing  basis.    Throughout  the  engine  dis- 
assembly,  measuring  and  inspection  of  parts  and  reassembly  sections  of 
CM  "A"  JS,  1.2.3.1.  '  •  . 

'Topic  1.2.2    ELECTRICAL  SYSTEM  PRINCIPLES  Contact  Hours:  22 

Enabling  Objectives:    Upon  completion -of  this  topic  each  student  will  be 

able  to  identify  by  name  the  following  electrical  system  components:  The 

ignition  system,  the  cranking  system,  the  charging  system,  the  lighting 

system,  and  the  accessory  system  and  explain  the  operating  principle^ 

of  each  system  with  100%  accuracy.    Each  student  will  be  evaluated  on 

a  continuing  basis  throughout  engine  disassembly,  assembly  and  specifically 

CM  "A"  JS  1.2.6.1,  Gasoline  Engine  Trouble.  Diagnosis  and  Adjustment. 

Topic  1.2.3    GASOLINE  ENGINE  DISASSEMBLY  Contact  Hours:  11 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  disassemble  a  six  cylinder  gasoline  engine  while  working  as  a 
member  of  a  two  (2)  man  team,  using  a  Ford,  240  cubic  inch  engine.  He 
will  use  all  appropriate  handtools,  special  tools  and  shop  equipment.  The 
task  will  be  accomplished  while  adhering  ,to  maijuf ac turer ' s  specifications 
and  recommendations  without  deviation  as  specified  in  Job  Sheet  CM    A  JS 
1.2.3.1,  Gasoline  Engine  Disassembly,  Inspection  and  Assembly. 

-Topic  1.2.4    INSPECTION  AND  MEASURING  OF  ENGINE  PARTS    Contact  Hours:  15 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  clean,  inspect  and  measure  engine  parts  of  a  Ford  240  cubic  inch 
gasoline  engine  while  working  as  a  member  of  a  two  (2)  man  team.  He 
will  use  appropriate  handtools,  special  tools,  measuring  instruments  and 
cleaning  materials.    All  measurements  will  be  recorded  in  appropriate 
spaces  on  Job  Sheet  and  compared  to  manufacturer's  specifications  to  ^ 
determine  extent  of  wear.    All  procedures  will  conform  to  manufacturer  s 
•   specifications  without  deviation  as  specified  in  Job  Sheet  CM    A    JS  - 
1.2.3.1,  Gasoline  Engine  Disassembly,  Inspection  and  Assembly. 

Topic  1.2.5    GASOLINE  ENGINE  ASSEMBLY  Contact  Hours:  10 

-Enabling  Objectives:    Upon  complelJ.oaa._.Q£^hlg J:»pic  ea^lL.^:^   

able  to  assemble  a  six  cylinder  gasoline  engine  while  working  as  a  member 
of  a  two  (2)  man  team,  using  a  Ford,  240  cubic  inch  engine.    He  will  use 
all  appropriate  handtools,  special  tools,  shop  equipment  and  materials. 
The  task  will  be  accomplished  while  conforming  to  manufacturer^  s^^ 
specifications  without  deviation  as  specified  in  Job  Sheet  CM  "A"  JS  1.2.3.1, 
Gasoline  Engine  Disassmebly,  Inspection  and  Assembly. 


Toptc  1.2.6    GASOLINE  ENGINE  TROUBLE  DIAGNOSIS  Contact  Hours:  25 

AND  ADJUSTMENT 

v«»h1ln«  Oblectives:    Upon  completion  of  this  topic  each  student  will  be 
!S?e  to'tesJ    tS  and  troubleshoot  a  six  cylinder  gasoline  engine  using 
I  fItT  240  cub^lnch  engine.    He  wiU  use  appropriate  handtoo Is  and 
a  Ford,  ZAU  '^""^'^  conform  to  procedures  established 

test  ,^^^JP-"J;,  „^;^r^    r^^^  Engine  Diagnosis  and  Adjustment. 

^nTl±?i  be  tuned  to  me^t  manufacturer's  specifications  as  to 
The. engine  will  be  tun^^"      d^eli  37°  -  42°,  idle  speed  550  rpm  and 
ignition  timing  of  6  ^^'^-^g '/^f  J^^^es .    Hi^- performance  will  comply 
intake  manifold  vacuum  of  18  -  ^J-  incnes.    nxs  v 
with  Job  Sheet  procedures  without  error. 

UNIT  2.1    CATERPILLAR  DIESEL  ENGINE  OPERATION  AND  Contact  Hours:  31 

MAINTENANCE 

S!33S""Herm^:;:rappr=prL«  hand  -i- J-^fJ^l^  T^^^l^.^^^s 
Diesel  Engines, without  error. 

Topic  2.1.1    CATERPILLAR  DIESEL  ENGINE  OPERATION         ^  Contact  Hours:  7 

p„.hHna  Obiectives:    Upon  completion  of  this  topic  each  student  will  be 
M^oorestartch^ck,  start,  run  and  secure  Caterpillar  dieseL  engines, 
i  1    n^U2  and  D-3306    while  monitoring  instruments  and  interpreting 
^^J^r    Lrpe^formaAce  will  conform  to  maniac turer 'I' recommendations 
TslSed  if  thetbXet  CM  "A"  JS  2.1.1.1.  MWance  of  Caterpillar 
Diesel  Engines,  without  error. 

Topic  2.1.2    CATERPILLAR  DIESEL  ENGINE  MAINTENANCE         Contact  Hours:  24 

^nnrooriate  handtools,  specie  tools  and  shop  equipment.  Specifically 

rfpLIIud  S"oTshe«  Cm"a"  .s".I.l.i.  Maintenance  of  Caterpillar 
Diesel  Engines,  without  deviation. 

UNIT  2.2    INTERNATIONAL  DIESEL  ENGINE  'MAINTENANCE  Contact  Hours:  33 

Sh:«       V  JsTi  l!rSa:ntenance  of  International  Dle.el  Engine. 


Topic;. 2.1    INTERNATIONAL  DIESEL  ENGINE  OPERATION  ♦     Contact  Hours:      4  ^ 

Enabling  Objectives;    Upon  completion  of  this  topic  ^^^JJ"^f  .^^l'^ 
.■.bl«  CO  prestart  check,  start,  operate  and  secure  International  dlMel 
cn«lne  aodel  429  while  working  as  a  member  of  a  two  (2)  man  team. 
Additl6nallv    he  wiU  monitor  instruments  and  interpret  readings.  All 
pe^fo^nce'^ili  co^Torm  without  error  to  manufacturer's  recommendatioas 
as  sp^?^ed  in  the  Job  Sheet  CM  "A"  JS  2.2.1.1.  lialntenance  of  .Inter- 
national  Diesel  Engines.  /      _  ;  *^ 

Topic  2.2.2    INTERNATIONAL  DIESEL  ENGINE  MAINTENANCE     Contact  Hours :  29' 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be  ^ 

Jo'service  Intema'tional  diesel  engine  model  429    while  working- as 
rSmber  ,of  a  two/ (2)  man  team.    He  will  use  all  ^PP^JP^^^Lj^f  ^""Jl' 
!r^or^;,l•  tools  and  shop  equipment.    Specifically,  he  will  service  fuel 
t^e  t  on  Astern!  scavenging  system.'cooling  systen,  and  lubricating  system. 
All  tasks  will  conform  to  manufacturer's  recomiaendations  as  spated  In 
Joi  Sheet  S -A"  JS  2.2.1.1.  Maintenance  of  International  Diesel  Engines. 

UNIT  2.3    GENfeRAL  MOTORS  DIESEL  ENGINE  MAINTENANCE         Contact  Hours :    32  . 

ToT^inftl  Oblective:    Upon  completion  of  tttis  unit  each  student  will  be 
Tbi:  t^  opei    e  a^d  se'rvipe  General  Motors  71  series  diesel  ^^^^^ 

iK^^thore^^^^^^^^ 

as  fp™i?ierin,Job  Sheet  CM  "A"  JS^2.3a-.l.  Maintenance  of  General 

Motors  Diesel  Engines.  '  /'A^ 

Topic .2.3.1    GENERAL  MOTORS  DIESEL  ENGINE  OPERATION       Contact  Hours:  6 

^wk    start  \uri  Sd  secure  the  engine,  while  monitoring  the  instruments 

Motors  Operation  and  Maintenance.  j^'^'^ 
Topic  2. '3. 2    GENERAL  MOTORS  DIESEL  ENGINE  MAINTENANCE    Contact  Hours:    26  . 

^nlhli;V  ob1^tives:    Vpon  completion  of  this  topic- each  rst-udent  will  be-  * 
Tie  io^e4i^  Gen;ral'Motors'>l  series  diesel  engines  while  using 
approprlat/handtools.  special  tools,  and  shop  equipment.    He  will  .  ^ 

seSice  tttfe  scavenging  systen^,  lubricating  system.  ^°°^^SLi?wtionB 

.  -  fuS -system^    All  tasks  will  ""form  to  manu^a^tu^r's  specif  ca^ 
without  deviation,  as  specified  ip  the  Job  Sheet  CM    A^  JS  J..3.1..1, 

'Maiatenance  of  Geneiral  Motors  Diesel  Engines.  .  . 


'       •  8, 


UNIT  2.4    cummins' DIESEL  ENGINE  MAINTENANCE  Contact  Hours:  25 

T     4    1  nK^or^^v»■•    Uooxi  completion  of  this  unit  each  student  will  be 
Ibl^  "  oSerate  Ind  sS^Jce  Se  Cumnins  N.H.  250  die.el  en|ine  while  using 

?4J!>,?rJ^ndtools    special  tools,  and  shop  equipment.  Specifically, 
hriill  ipe^fte  a  n^dJ^-el  engine  and  service  the  fuel  system, 

Toonll.  3y.t^  «^d  Avenging  system.    All  tasks  will  meet  "-^ufacturer  s 

deviation. 

Topic  2.4.1    CUMMINS  DIESEL  ENGINE  OPERATION  Contact  Hours:  4 

Fnahline  Oblectives:    Upon  completion  of  this  topic  each  student  will  be 

2.4.1.1,  Maintenance  of  Cummins  Diesel  Engines. 
Topic  2.4.2    CUMMINS  DIESEL  ENGINE  MAINTENANCE  Contact  Hours:  21 

service  "^"f  "      '  ,,,  confom  to  nanuf»cturer's  specUlcatlons  as 
■  :r««ied  ta        Job  siaet  CM  "A- JS  2.4.1.1.  Malntenence  o£  Cu-ns 
Diesel  Engines, without  deviation. 

UNIT  2.5    LD465-1  MULTIFUEL  ENGINE  MAINTENANCE  Contact  Hours:  28 

Maintenance,  without  deviation.  , 
.^pic-2^.a  .lJ)A65-lMULTiniEL,ENGIlrt;OPm^^^  ■     Contact  Hours:  5 

Enabling  Objectives:    Upon  completion  of  ^his 'topic 'each^uden^^  be 
able  to  prestart  check,  start,,  run  and  secure  the  LD465-1  Multifuel 
pniinrwhile  monitoring  instruments  and  interpreting  readings.  All 
nS^o^^ce  wm  coJfom  to  manufacturer's  recommendations  as  stated  in 
jrsheet  CM  V'  JS  2.5.1.1.  LD465-1  Multifuel  Engine  Maintenance. 


the  Job.  Sheet  CM 
without  deviation 
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Topic  2.5.2    LD465-1  MULTIFUEL  ENGINE  MAINTENANCE 


Contact  Hours t  23 


Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  ,to  service  Che  LD465-1  Multifuel  engine  using  appropriate  handtools, 
special  tools  and  shop  equipment.    Specifically,  he  will  service  the 
fuel  system,  cooling  system,  lubricating  system  and  scavenging  system* 
All  tasks  will  conform  to  manufacturer's  specifications  as  specified 
in  Job  Sheet  CM  "A"  JS  2.5.1.1,  LD465-1  Multifuel  Engine  Maintenance, 
without  deviation^  '  > 


UNIT  3.1    AUTOMOTIVE  CHASSIS  PilD  TOWER  TRAIN 
MAINTENANCE 


Contact  Hours:  83 


Terminal  Objective:    Upon  completion  of  this  unit  each  student,  while 
working  as  a  member  of  a  two  (2)  man  team,  will  be  able  to  service 
automotive  chassis  and  power  train  components  using  appropriate  hand- 
tools,  special  tools,  shop  equipment  and  materials.    Specif ically^^^ 
he  will  service  suspension  system,  power  train  and  brake  system,  of  the 
M715,  11/4  ton,  cargo  truck.    All  tasks  will  conform  to  manufacturer's 
specifications,  without:  error,  as  specified  in  the  Job  Sheet  CM  "A'j'  JS 
3.1.1.1,  Servicing  the  Power  Train  of  the  M715,  11/4  ton  Cargo  Trjick. 

Topic  3.1.1    SUSPENSION  SYSTEM  SERVICE 


Contact  Hoiik's:  13 


Enabling  Objectives:  '  Upon  completion  of  this  topic  each  student, /|whlle 
working  as  a  member  of  a  two  (2)  man  team,  will' be  able  to  servic 
suspension  syspem  components  using  appropriate  handtools,  specialf  tools, 
and  shop  equipment.  Specifically,  he  will  service  tires ,^  tubes, heels , 
and  steering  systems^  of  the  M715,  1  1/4  ton  cargo  truck.  All  tasks  will 
conform  to  manufacturer's  specifications  and  recommendations  witjnqut 
error  as  specified  in  the  Job  Sheet  CM  "A"  JS  3.1.1.1,  Servicinj 
Power  Train  off  the  M715,  11/4  Ton  Cargo  Truck. 


Topic  3.1.2    AUTOMOTIVE  POWER  TRAIN  SERVICE 


Contact 


Enabling  Objectives:    Upon  completion  of  this  topic  each  studeub,  ^hile 
working  as  a  member  of  a  two  (2)  man  team,  wUl^'be  able  to  service  jpower 
train  componenjts  using  handtc^ols,  special  tools,  shop  equipment  anc 
materials.  /Thiese  tasks  will  consist  of  service  to  clutch,  transmis^y^n, 
d^iye  shaf tfe^  and,  driye^  M^es.  2l  theJIJiS,      1/4 -ton-^cargo" trucks 
All  perfonmance  will  conform  to  manufacturer's  specifications  wLthotkt 
error  as  specified  in  Job  Sheet  CM  "A"  JS  3.1.1.1,  Servicing  thf  Po^er 
Train  of  the  M715  1  1/4  Ton  Cargo  Truck. 


ou  rs :  35 
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topic  3.1.3    BRAKE  SYSTEM  SERVICE 


Contact  Hours:  27 


Enabling  Objectives:    Upon  complerion  of  this  topic  each  student  will  be 
able  to  service  hj^draulic  brake  system,  while  working  as  a  member  of  a 
cwo  (2)  man  team.    Using  appropriate  handtools,  special  tools,  and  materials 
and'^shop  equipment.    He  will  replace  worn  hydraulic  system  parts  and  bleed 
and  adjust  the  system  of  the  M715,  1  1/4  ton  cargo  trupk.    All  performance 
will  conform  to  manufacturer's  specifications  without  deviation  as 
specified  in  Job  Sheet  CM  "A"  JS  3.1-1.1,  Servicing  the  Power  Train 
5of  the  M715,  1  1/4  ton  Cargo  Truck;  y 

Topic  3.1-4    SERVICING  THE  M715  1  1/4  TON  CARGO  Contact  HoUrs:  8 

TRUCK  •  y 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
able  to  perform  service  procedures  to  the  M715,  1  1/4  ton  cargo  truck. 
Specifically,  he  will  locate  service  points,  dispense  appropriate 
lubricant,  and  check  fluid  levels  while  using  appropriate  handtools,* 
lubrication  equipment  and  lubrication  orders.    All  performance  will 
meet  manufacturer's  specifications  as  ,specified  in  the  Job  Sheet  CM  "A" 
JS  3-1-1-1,  Servicing  the  M715  1  1/4  Ton  Cargo  Truck- 

UNIT  4-1    CRAWLER  TRACTOR  POWER  TRAIN  MAINTENANCE  Contact  Hours:  .52 

Terminal  Objective:    Upon  completion  of  this  unit  eacli  student  witl  be 
able  Co:     (1)  Service  the  power  train  and  chassis  units  of  the  Caterpillar 
D4D  Crawler  tractor-    Using  appropriate  handtools,  special  tools,  shop 
equipment  and  oxy-mapp^'gas  outfit,  he  will  remove,  disassemble,  inspect 
and  replace  worn  parts,  assemble  and  adjust  the  master  clutch,  trans- 
mission, steering  clutches,  final  drive/sprocket  assembly,  bevel  gear 
assembly  and  track  roller  frame  assembly.    All  tasks  will  meet  manufacturer' 
specifications  without  deviation  as  specified  in  Job  Sheets  CM  "A"  JS 
4-1-1-1,  Oxy-mapp  Gas  Heating  and  Cutting  and  CM  "A"* JS  4-1.2-1, 
Servicing  the  D4D  Caterpillar  Crawler  Tractor  Power  Train,  and  (2)  Adjust 
the  International  model  260  Cable  Control  unit  using  appropriate  hand- 
tools  ans  shop  equipment-    All  adjustments  will  conform  without  deviation 
to  manufacturer *s  specifications  as  specified  in  the  Job  Sheet  CM  "A'  JS 
4-1.3-1,  Adjusting  International  Model  260  Cable  Control  Units. 

Topic  4.1-1    OXY^IAPP  GAS  HEATING  AND  CUTTING  ^  Contact  Hours :  6 

Enabling  Objectives:    Upon  completion  of  this  topic  each  student  will  be 
--aW^~4;^*safel^S£tX  aAp,,.j9P,.er£Lte  ^n^  ??^J^^J?  oxy-mapp  gas  welding  outfit 
to  accomplish  a  heating  and  cutting  opTeratiori^as  specifiecl  in  the  Job 
Sheet  CM  "A"  JS  4.1-1.1,  Oxy-^pp  Gas  Heating  and  Cutting,  without 
deviation- 


11 
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Topic  A.1.2    cONSmaCTION  EQUIPMENT  PO«ER  ml«S  Contact  Hours:  42 

J  rK^Q  rooic  each  student  will  be 

•Enabling  Objectives:    "P-  ""^^^^ f^^^ ^is^i"  of  rhe  Caterpillar  D4D 
able  CO  service  ^^^r;;",^":  ^.^^'i^fe  handtools.  special  tools  shop 
crawler  Tractor  while  using  ^PPropr^^     .  '         remove,  disassemble, 
equipment  and  materials.    Specifically,  he  will  r         .  ^^^^^ 

inspect/;  replace  worn  P^^^'^f  ^^^f,',^;3'lJnardr^e/aprocket.  bevel  - 
clutch,  transmission,  steering  ^^^f  ^^^^^^       ^1  tasks  will  meet 
gear  assembly  and  "^^^^^  "Ji:^^,',^%.'de"atLn  as  specified  in  Job 
rh:ft^S""?'js1^l1  l!  S^-icU  the  D4D  Caterpilla-  Crawler  Tractor 

Power  Train. 

Topic  4.1.3    ADJUSTMENT  OF  IHTEmTIOKAL  MODEL  260         Contact  Hours:  ^ 
^  CABLE  CONTROL  UNIT 

1  -4  rhiti  tooic  each  student  will  be 

Enabling  Objectives:    «P°"'^f,^^°°i°'6o  Cable  Control  Unit  ual^g 

b^bs"i"%n"i^ri:'is!o:ir 


Job  Sheet  CM 
Control  Unit 


/ 
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ANNEX  I 


TEXTS 


1.  Aneroids,  Cuiamins,  Bulletin  No.  985605-R,  Cuamins  Engine  Co.  Inc., 
Columbus,  Indiana  47201. 

2.  AutotDotive  Mechanics  6th  Edition,  McGraw-Hill 'Book  Co. 

3.  Atitoao'tive  Electrical  Equipment.  Seventh  Edition.  McGraw-Hill  Book 

Co  •    '  vy 

4.  Construction  Mechanic  3  &  2,  NAVPERS  10644-F. 

5.  Cummins  Diesel  Engines.  Construction,  Industrial,  Industrial  Fire 
Pump.  Logging,  Mining,  Railway,  Generator,  Operation  and  Maintenance 
HZall  Bulletin  Mo.  98371  l-QE. -Cummins  Engine  Co.  Inc..  Columbus 
Indiana    47201.  .  . 

6.  cummins  Tune-up  and  Trouble-Shooting,  Bulletin  No .  983643-CE. 
Cummins  Engine  Co.  Inc..  Columbus.  Indiana  47201. 

7.  Detroit  Diesel  Field  Service  Data  (Military)  Form       251.  Detroit 
Diesel  Engine  Division,  General  Motors  Corp..  Detroit  Michigan  48228. 

8.  Diesel  the  Modern  Power.  Fourth  Edition.  Sixth  Printing,  General 
Motors  Corp.. . -Detroit  Michigan  48228. 

9.  Direct  Support.  General  Support  and  Depot  Maintenance  f«  Engine 
Diesel  (Multifuel)  Turbocharged,  Fuel  Injected  Water  Cooled,  6- 
cylinder  (LDS465-1)  and  (LD465-1) ,  TM9-28 15-.2 10-35 . 

10.    Fluid  Power.  NAVPERS  16193-B. 

11     Get  a  Clear  Picture  of  Your  Turbocharger  and   Form  FE035934. 

Caterpillar  Tractor  Co.,  Peoria,  Illinois  61602. 

a2.^In:-Llne_Zl_Series_J)e.traitJ)iesel, Maintenance.  Form  6SE177.  Detroit 
Diesel  Engine  Division,  GM.Corp..  eerroirtr  Michigan  48228. 

13  Organizational  Maintenance  .Manual  for  Truck,  Cargo,  1  1/4  Ton.  .. 
^  x,4.  M715,  TM9-2320-244-20.  •  < 

14*.  Operator's  Manual  International  UDT  429  Engine  ^^/"^^J^^J" '  ^„ 
Form  1-085-250-Rl.  International  Harvester  Co.,  401  North  Michigan 
Avenue.  Chicago.  Illinois  60611 4r 

15.  Operation  and  Adjustment.  P.T.  Fuel  System.  Bulletin  No.  983438-A, 
Cummins  Engine  qo.  Inc.,  Columbus,  Indiana  47201. 

16      Operation -and  Maintenance  Instructions.  Caterpillar  D-4  Tractor, 

Serial  No.  78A1-UP.  86A1-UP.  Form  34887-2,  Caterpillar  Tractor  Co.. 
Peoria.  Illinois  61602. 

c 
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17     Operation  and  Maintenance  Instructions .  Caterpillar  D-333  and  D-330 
?ndurtrial  Engines.  Fonn  FE0A50A0-02.  Caterpillar  Tractor  Co.. 
Peoria,  Illinois  61602. 


2320-2AA-3AP . 


21. 
22. 

23. 


service  Manual  for  Caterpillar  D-J^^rac"':.  Serial  No.  TSAl-UP. 
Caterpillar  Tractor  Co.,  Peoria,  Illinois  61602. 


Service  Manual  International  Cable  Control  Units  Form  ISS-1513. 
Invitational  Harvester  Co.,  AOl  North  Michigan  Avenue.  Chicago, 
Illinois  60611. 

service  Manual  International  A29  Series  Diesel  Engine    ^of"  "^15300. 
Ir.VImati^l  Harvester  Co..  AOl  North  Michigan  Avenue.  Chicago, 
Illinois  60611.  , 

EjuiSent!l01  North  Michigan  Avenue,  Chicago.  Illinois  60611. 
<;prvl.e  Training  Outline,  Cable  Control  Units,  Models  260.  270  and,?8p. 

The  Principles  of  a  Mechanical  Governor,  Bulletin  983601.  Cummins 
Engine  Co. Inc.,  Columbus.  Indiana  A7201. 

V-71  Engines,  Detroit  Diesel  Operator 'a.  ManuaJ,  Form  6^^^^^^^^  „ 
Series).  Detroit  Diesel  Engine.  Division.  GM  Corp.,  Detroit. 
'  '    Michigan  A8228. 

28.  Steelworker  3  &  2,  NAVPERS  10653-F. 

29.  1969  Ford  Truck  Shop  Manual    Vol.  Three    Ford  Service  Publications, 
Ford  Motor  Co.,  Dearborn,  Michigan  48207. 

« \,    .  m     ,  Manual    Vol    Two .  Ford  Service  Publicationa, 

30.  1969  Ford  Truck  Shop  Manual,  vox.  ■^*'"» 
Ford  Motor  Co.,  Dearborn,  Michigan  A8207. 


25 
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ANNEX  II 


REfERENCES 


/ 


1.  Departxaent  of  the  Navy  Safety  Precautions  for  Shore  Activities, 
NAVSO  P-2455  (Current  Series) . 

2.  How  CO  Study,  TF  Staton,  McQuiddy  Printing  Co.^  Nashville,  Tennessee. 

3.  Management  of  Transportation  Equipment,  NAVFAC  P-300. 

4.  NAVCONSTRACENINST  5400.4  (Current  Series)  (Organizational  Manual  of 
NAVCONSTRACEN) .  ; 

5.  . Oxyacetylene  Handbook,  Second  Edition,  Linde  Mr^ Products,  Division 
'  of  Union  Carbide,  270  Park  Avenue,  New  York,  New  York  10017. 

6.  -Construction  Battalion  Administration,  NAVFAC  P-315. 

7.  Direct  Support,  General  Support  and  Depot  Maintenance,  (including 
repair  parts  and  special  tools)  for  Pump,  Fu«l  Metering  and  Distri- 
buting Assembly  (American  Bosch  PSB6A)  TM9-2910-226-35 . 
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ANNEX  III 


TOOLS.  EQUIPMENT  AKD 
FSN/MEG.  NO. 
TOOLS 

55719-VEV-1022-K-B 


221 


COST 


9HE  4910-00-273-3658 


9QZ  5180-00-592-7141 
9QL  5180-00-297-8908 


Automoti-<^e  Handtoola  w/c»binet 
Automotive  Shop  Tools 
Battery  Shop  Tools 
\  Brake  Fluid  Dispensers  . 

Vaterpillar  Crawler  Tractor  Tools 

i 

Caterpillar  Diesel  Engine 
,pecial  Tools 


24  ea. 


374.53 


9CD  4930-00-253-2478 


9GQ  7240-00-255-5996 


Gumains  Diesel  Engine  Special 
Tools 

Diesel  Engine  Handtools 
iiesel  Engine  Shop  Tools 
GA  Diesel  Engine  'Special  Tools 
Grease  Guns  . 

Heavy  Equipment  Handtools  ^ 

Heavy  Equipment  Shop  Tools  and 
Equipment 

International  Diesel  Engine 
Special  Tools 

Lubricating  Oil  Dispensers 
Measuring  Instruments 
Tire  Shop  Tools 
Welding  Shop  Handtools 


9QG  5180-00-932-5345 


Tool  Kit  Brake  Service 


6  ea. 


3  ea. 


6  6a. 


40.13 

295.12 
209.93 


12  ea. 


2.47 


6  ea. 


5.56 


4  sets 
6  ea. 


47.90 
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FSH/MFG.  NO. 
EQUIPMENT  (MAJOR) 


ITEM 


COST 


-    \         ~  - 

Caterpillar  D4D  Crawler  Tractor 

0 

i 

Caterpillar  D3306  Diesel  Engine 

J 

ea  • 

• 

Ca-cerpillar  D342  Diesel  Engine 

ea  • 

Q  9nn  nn 

Ciumuins  NH250  Diesel  Engine 

6 

ea. 

\ 

Cummias  PT  Fuel  Injection  Pump 

12 

ea. 

\ 

\ 

Ford  240  CI  6  Cyl  Gasoline  Engine 

12 

ea. 

GM  V6-71  Diesel  Engine 

0 

ea  f 

A  non  00 

0  1  wWV/  *  WW 

* 

GM  6-71  Diesel  Engine. 

0 

ea  • 

XHC  UDT  429  Diesel  Engine 

A 
*♦ 

ea  • 

IHC  Model  260  rower  Lontroi  unxu 

CO  • 

LD  465-1  Multifuel  Engine  ^ — 

A 

ea  • 

2GD  2320-00-246-4077 

M715  1  1/4  Ton  Cargo  Truck 

Gel  • 

ft  030.00 

9GD  343i-00--076-3261 

Oxy-Mapp  Gas  Cutting  uutrit 

A 
*♦ 

'  345.00 

2CZ  493(3-00-236-0806 

Portable  tiuoricauion  umu 

1 

ea  • 

6,080*00 

2CZ  4940-00-841-9317 

Portable  Steam  Cleaner 

1 

ea* 

0  m  n  on  . 

^  y  WXW  *.  WW 

95564/20-20 

Tire  Demounter 

z 

ea* 

Aoo  on  ' 

J . WW 

2CD  2320-00-926-0873 

2  1/2  Ton  M  Series  6x6  Truck 

L 

ea  • 

0  9  ^ / W . WW 

-^5-Ton:  M  5eries^  x  -6  Trucks 

2 

ea. 

-A    .  .  .  _^ 

EQUIPMENT  (TEST) 

9LD  6630-00-171-^157 

Battery  Hydrometer 

ea* 

1.78  1 

70L  4910-00-199-8080 

Battery 'Starter  Testers 

6 

ea* 

100.00 

IHL  4910-00-241-3081 

Compression  Tester 

12 

ea* 

19.50 

IHC  4910-00-906-0410 

Cooling  System  Pressure  Tester 

12 

e'k* 

13.00 

A-III-2 


FSN/MFG.  NO.  ITEM  "  ^  221'  CqST 

EQUIBMEMT  (TEST)  (CONT'd) 

9VD  4910-00-199-8125     Tach -Dwell  Meter  12  ea.  95.00 

9HE  4910-00-937-5724     T^ing  Light  12  35.48 

9H    4910-00-255-8673     Vacuum  Gauge  12  ea.  12-42 

MATERIALS  (CONSUMABLE) 

Gasoline  and  Diesel  Engine  ?arts 
Batteries 

Brake  System  Parts  Kit 
b^erpillar  Fuel  Filters 
Caterpillar  Air  Filters 
Caterpillar  Oil  Filters 
Charging  System  Components 
9GD  9150-00-057-8977      Chassis  Grease 
9GK  6850-00-285-8012     Cleaning  Solvent  ^  .  20,50  r. 

9AD  2640-00-273-1625     Cold  and  Hot' Patch,  Kit  ^^-^^  5^' 

,  Cranking  System  Components 

Cummins  Air  Filters 
Cummins  Fuel  Filters 
Cummins  Oil  Filters 

9X0  9140-06-286-5297      Diesel  Fuel  (Drummed)  DF2  8,97  dr, 

.9GK  9150-00-189-6729      I-C,E,  Engine  Oil  HDO  30  ^  37,10  dr. 

9GD  6810-00-297-9540     Distilled  Water  (5  Gal,  Cont.)        ^    .        ^     ^3.13  bt,. 

9Gd"4240-00-202-9473     Face  Shields  2, 09  ea. 

Ford  Engine  Gasket  Sets 
'  9X0  9\l30-00-240-8204     ^Gasoline  (Drummed)  .  12.10  dr. 


3u 


/ 


L,90  dr. 
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PSN/MFG.  NO. 
MATERIM^CONSUMABLE) 


9GD-.9150-00-231-9071 
9QZ  5120-00-965-0326 
9QG  5120-00-965-0603 


9GL  6830-00-935-1125 
9GD  8120-00-350-5477 


9GL  6830-00-169-0805 
9GD.8120-00-;5 1-9758 

)"' 

7030-269-1272 


9AH  2640-922-6921 
9DD  8415-268-7860 


ITEM 

(CONT'D)  ^ 
(Jenr  01 ;  Kl'  90 
GM  Diesel  Air  Filters 
Oi  Di.ael  Fuel  Filters 
GM  Diesel  Oil  Filters 
Hydraulic  Brake  Fluid 
Igniters,  Torch 
Flint,  Igniters 
Ignition  System  Components 
International  Air  Filters 
International  Fuel  Filters 
International  Oil  Filters 
Mapp  Gas  (Bulk) 
Cylinder,  Mapp  Gas 
Multifuel  Engine  Air  Filters 
Multifuel  Engine  Oil  Filters 
Multifuel  Engine  Fuel  Filters 
Oxygen  (Welding)  ' 
Cylinder  Oxygen 
:    Street  Metal -(Scrap)'  - 

Sweeping  Compound,  Oil  and  Water 

Tires 
Tubes 

Tubeless  Tire  Repair  Kits 
Welding  Gloves 


COST  ■ 


'6 


( 


4  ea. 


8  ea. 


42.20  dr. 


2.18  gal. 
.21  ea. 
.18  bx. 


.30  lb. 
20.00 


.01  cu. 
25.00  ea. 

1.40  bg. 


ft. 


/ 


36.03 
3.72  pr. 

A-III-* 


so 


8  ea. 

8 

4  ea. 
4  ea. 


FSN/MFG.  NO. 

MATERIja^S  (CONSUMABLE)  (CONT'D) 
9DD  8415-00-250-2531     Apron,  Welding 
9GD  4240-00-203-3804     Welding  Goggles  (Lens  Sh^de  6) 
9CD  4720-00-834-2560     Welding  Hose 
9GC  3439-00-270-6047     Welding  Tip  Cleaner 
9GD  3433-00-076-3261     Torch  Outfit,  Cutting  And  Welding     4  ea. 
9GD. 3920-00-802-8313.    Cart,  Cutting  and  Welding  Outfit       4  ea. 

Wel<iing  Tips 
9QG  7920-00-401-8034     Wiping  Rags 
5210-00-640-6177  Plastigage  .001  -  .003 


COST 


10.00  ea. 
1.25  ea. 
27.80  ea. 

1.46  ea. 
345.00  ea. 
72.00  jea. 

2.45  bd.^ 


/ 


{. 


So 
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ANNEX  IV 


TRAINING  AIDS  AND  DEVICES 
FILMS 


Automotive  Trouble-Shooting.  Part  15..  The  Clutch  (21  ndn.) 
Obsolete  * 

Elementary  Hydraulics,  Part  I,  Derivatloa  of  Pascal's  Law 
(16  min.) . 

Elementary  Hydraulics,  Part  1,  Application  of  Pascal's  Uw 
(12  min.)  . 

Elementary  Hydraulics.  Liquids  in  Motion  (13  min.) .  ^ 
Safety  for  Welders  (17  min.). 

Automotive  Gears.  Principles  of  Operation  (25  min.) 
obsolete. 

The  Tools  and  Ru^es  for  Precision  Measuring  "CSO -min.) . 
Basic  Electricity,  The  Electron  Theory  (5  min.). 
Basic  Electric^'ty.Uow  Magnets  Produce  Ef^ricity  (3  min.). 

Planetary  Gear^.  Principles  of  Operation.  Part  I.  Single  ^ 
Sets  (18  min.) .  ,  ,         ■     ,  . 


1.  MA1672Q 

2.  MN1730A  . 

3.  MN1730C 

4.  MN1730E 

5.  MH1921G 

6.  MA3739 

7 .  MC7889 
3 .  MN8016A 
9.  MN8016B' 

10.  MA8070 

11.  MC8146 
'l2.  MN8594A 

13.  MC8622B 
14  .■  MA8886 

J5  Ao9172i2  _  *_H«"Z.  "1.  ■^2^^^_  '°  ■ '\ 

16.  'mVil      ■  Saval  Construction  Forces  (23  min.)  Color. 


The  Gamblers  (20  min.). 


Direct  Cutrent  Generators.  Theojy  of  Operation  (16  min,). 
BOSS  of  the  Bulldozers.  Caterpillar  Tractor  Co..  (C  18mm) . 
Carburetor  Principles  of  Operation  (25  min.J,. 


^7.  MV9861 

18.  MHia017 

19 .  MC10417 

.  MN8594B 

21 .  MN44A 


Oxyacetylene  Cutting  Manual  (9  min.). 

U  can  Happen.  International  Harveater  Co.  (20  mln.i  Color. 
ABC  of  Diesel  Engines  (20  min.;. 

Direct  Current  Motors.  Theory  of  Operation  (10  miil.). 
Diesel  Engine  Governors,  Part  1  (12  min.). 
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FILMS  (Conmercial;  Non-Navy,  NoncC.overnraentJ 

-1.    76S  Short  Cut,  New  Toc^s  and  Methods,  Cater;iillar  Tractor  Co. 


2.  0E483 
'3.  9051 


Dag's  o.i-   . 

(C  20  min.).»       -^--i,.^     •  '  ' 

Boss^f  the  Bulldpzer,  Caterpill^iTxractor  Co.  (C  2 


Hyikau-lic  Brake  Systems. 


^i^i-bochar^er,  Cummins  Engine, 
FILMS  (Copgie^al;  TAMARS  Numbers  Assigned) 


4.  985566M 


\ 


1*.  ABC-OOi; 

2.  ABC-002j 

3.  ABC-003 

4.  CAS-OOlj 

5.  "COO-OOl 

6.  OPE-001 

7 .  OPE-010 


8.  LE^-boi 

9.  ROL-062 
10.  POW-009 


AB(^  Of  Handt'dols,  Part  1,  GM  Cgrp.  CC  18  in"in..). 
A^C  .o£  Handtools,  Plrt  ^,  GM  Crop.  (C  15  mlii.). 
ABC  of  Automotive  Engines,  GM-Corp.  (21  min.). 
Th^Case  pf  -the  Slippery  Oil,  Dana  Corp.  (C  40  min.). 
Cooling  System,  Ethyl  Corp.  (C  Zp  Min.). 
Operation  Hour  Glass,  Cummins  *^ine ,  (C  27  min.). 

Operation^ and  Maintenance,  Part  1,  Bendix-Westinghouse 

.Air  Brakes  (C  24  min.^.  ^  ' 

<  • 

Let'er  Roll,  Timken  Rdller  Bearing  Co-.  (50  min.)'; 
The  Roll  of -Drums,  Caterp;Lllar  .Tractor  Co.  (20  min.) 
1  Power  Train  .(13  min.) . 


FILMS  (Govemm^^P^  Non-Navy) 


1.  .TF9-3276     Wuck  Cargo,  t  1/2  Ton,  6  x  6  K35Ar  (Multi-Fuel  Engine, 

^  .    <r  Mtrpduc^ion  and  Operation)  (13  nii^*)* 

2.  TF9-3469   '  Jklti-Fuel  Engine  Principles,  Model,  Lbs472-2  (2^  min.). 
SLIDE  FILMS  (Comiljprclal)  '         ,  ' 

1  AmWicanrBosch  fSB6A  Fuel  Pump.  '  ,  s 

'2.  Module  6001  Gateoline  Engine,  «»rinciples  of  Operation,' Ford. Motor  Co, 

3.  SC8fe20C       IHC\Cable  Control  Units. 

4.  TE-4     .       IHC  table  Control  Units.  ^  ^ 

5.  9010K  IntroVuction  to  Aiitomotive  Electrical  Systems,  Delco-R«ny. 


'it/ 
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SLIDE  FILMS 

6. 

901  IK 

7. 

9020K 

8. 

902SK 

9.. 

10. 
11. 

 .  -  . 

12. 

.  Module 

13. 

CT-25 

CT-26 

Dclcotron  Generator  and  the  Charging  Circuit,  Delco^y. 
20,000  Volts  Under  the  Hood,.  Delco-Reoy. 

The  Cranking  Circuit,  Delco-Remy. 

o 

Roosa-Master  Fuel  Injection  System,  IHC  Diesel  Engines. 
GM  71  Series  Diesel^Engine  Construction. 
Multi-Fuel  Engine  Construction. 


15.  JEGO-1104 

.16.  JEGO-1106 

17 .  JEGO-1706 

18.  JEOO-1601 

19.  JEOO-1602 

20.  JEOO-1603 
21  JEbO-1604 
22 .  JEOO-1606 


Car  Rear  Axle  Principles  of  Operations,  Ford  Motor  Co., 

Torque  Converter,  International  Harvester  Co. 
(Set  of  56  slides). 

Power, Shift,  International  Harvester  Co.    (Set  of  80  slides). 

Truck  Type  Tractors,  Caterpillar  Tractor  Co. 
(Set  of  65  slides). 

Sprocket  Removal  and  Installation,  Caterpillar  Tractor  Co. 
(Set  of  50  Slides). 

Safety  and  You,  Caterpillar  Tr'^tor  Co.  (Set  of  19  slides). 

Direct  Drive  Transmission,  Caterpillar^ Tractor  Co. 
(Set  of  50  slides) . 

Clutches,  Part  1,  Caterpillar  Tractor  Co.  (Set  of  63  slides) 

Clutches;.  Part  2,  Caterpillar  Tractor  Co.  (Set  of  46  slides) 

Power  Shift,  Caterpillar  Tractor  Co.  (Set  of  54  slices) . 

Final  Drives,  Part  1,  Caterpillar  Tractor  Co.  (Set  of  43 
slides) , 


SLIDES  (Individual)  ^ 

1.    CM  "A"  S  4.1.2.^  "D-8  Crawler^  Tractor  w/o  Blade". 

2,.  CM  "A"  S  4.1.2.2,  "MRS-I-110  Wheeled  Tractor  w/o  Attachments". 

3.  CM  "A"  S  4.1.2,3.,  "IHC  Wheeled' Tractor  w/o  Attachments". 

4.  CM  "A"  S  4.1.2.4,  "D-7  Crawler  Tractor  with  Std.  Dozer  Blade". 
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SLIDES  (individual)  (Cont'd) 

  1  *  ' 

CM  "A"  S  4. J. 2. 5,  "D-8  Crawler  Tractor  with  Angle  Dozer  Blade". 

6.  CM  "A"'g  4.1.2.6,  "955  Crawler  Front  End  Loader  w/std.  Bucket". 

7.  CM  "A"  S  4.1.2.7,  "MRS-S-llO^Scraper  with  MRS-I-ll'O  tractor". 

8.  CM  "A"  S  4.1.2.8,  "Gallon  118-T,  Motor  Grader". 

^.    CM  "A"  ^  A  ^.?.Q,  "\  Axle  Road,  Roller".  „  [  


10.  CM  "A"  S  4.1.2 

11.,  S.  "A"  S  4.1.2 

12.  CM  "A"  S  4.1.2. 

13.  CM  "A"  S  4.1.2. 

14.  CM  "A"  S  4.1.2. 

15.  CM  "A"  S  4.1.2. 

16.  CM  "A"  S  4.1.2. 

17.  CM  "A"  S  4.1.2. 

18.  CM  "A"  S  4.1.2. 

19.  CMNI^S  4.1.2, 
^0.  CM  "A"  S  4.1.2, 

21.  CM  "A"  S  4.1.2, 

22.  ■  CM  "A"  S  4.1.2 

23.  CM  "A"  S  4.1.2 

24.  CM  "A"  S  ^.1.2 

25.  CM  "A"  S  4.1.2 

26.  CM  ^A"  S  4.1.2 

27.  CM  "A",S  4.1.2 

28.  CM  "A"  S  4.1.2 


lOA,  "Siieepsfoot  Roller  (Towed)". 
lOB,  "Wobbly  Wheel  Roller  (Towed)". 
IOC,  "Grid  Roller  (Towed)". 
lOD,  •'Wobbly  Wheel  Roller  (Towed)". 
11,  "Crawler  Mounted  Crane" v 
,12,  "Truck  Mounted  Crane". 
.13,  '^Wheeled  Mounted  Crane". 
.14,  "Air  Compressor,  600  CFM,  Rotary". 
^15, "Master  ciutch^ompbneiits'r.  ^ 
.16,  ^•Master  Clutch  Brake". 
.17,  "Transmission  Gear  Arrangement". 
.18,  "Transmission  Gearshift  Mech.". 
.19a,  b,  c,  d,  e,  f,  "Transmission  Interlock", 
.20,  "Steering  Clutch  Components". 
.21,  "Steering  Clutch  Brake  Mechanism". 
.22,  "Steering  Clutch  Exposed  View".  , 
.23,  "Steering  Clutch  Assembly  Check". 

24,  "Final  Drive  Operation". 

25,  "Final  Drive  and  CoVer  Assembly". 


ERIC 
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SUOES  (ImitviduAl)  (CDntM) 

/«!.         "A"  S  4.l."2.2f..  "Truck  «n.l  KoJ  U-r  h'rMft  Croup". 

30.  CM  "A"  S '4.1.2.27,  "Track  and  Kol  l^er  Prim*  Link  and  Pina". 

31.  CM  "A"  S  4.1.2.28,  "Track  and  poller  Frame  Pins  and  Links". 

32.  CM  "A"  S  4.1.2.29a,  b,  "'Track  and  Roller  Frame  Link  and  Pins". 

33.  CM  "A"  S  4.1.2.30a,  b,  "Track  Shoes  (Types)". 

34.  CM  "A!'  S  4.1.2.31,  "Track  Adjustments". 

^^7!    CM  "A"  si  4.1.^.32,^'Track  Roller  Lubrication"^  ~  7~Zr' 

36.  CM  "A"  S  4.1.2.33,  "Track  Recoil  Mechanism".  . 

37.  CM  "A"  S  4.1.2.34,  "Track  Frame  Alignment". 
TRANSPARENCIES 

1.  ^dule  7601  Car  3-speed  Manual  Shift  Transmission  and  Overdrive 
^rinciplds  of  Operation,  Ford  Motor  Co. 

2.  Module  70bl  Car , arid  Truck  Clutches.  Principles  of  Operation,  Ford 
Motor  Co. I 

CHARTS  (Commercial) 

1.    Section  "A"    Fundamentals  of  Electricity  and  Magnetism,  Delco-Remy. 


2.  Section  "B"  Energizers  and  Batteries,  Delco-Remy. 

3.  Section  "C"  Cranking  Motors,  Delco-Remy. 

« 

4.  Section  "D"  Ignition  System,  Delco-Remy. 

5.  Section  "E"  Generators  -  D.C.  Type,  Delco-Remy. 

6.  Section  "K"  Fundamentals  of  Delcotrqn  Generators  -  A.C.  Type,  belco  Remy 
y  '  Engine  Cooling  System,  End  View,  Cummlms  Engine  Co. 

8.  "    -  Engitie  -Coaling  System,  Side  View,  Cummins  Engine  Co. 


A-tlV-S 


CHARTS  (Conq«rci*l)  (Cont'd) 

^*  Engine  Lubricating  System,  End  View,  Cuia^na  Engine  Co. 

-  Engine  Lubricating  System,  Side  View,  Cuiaalna  Engine  Co. 

11.  Module  4200    Car  Rear  Axle  Diagnosis,  Por<i  Motor  Co. 

12.  Module  6002    Gasoline  Engine  Diagnosis,  P6rd  Motor  Co. 

It,  Pord- 


13.    Moduli  7002    Car  and  IruckiCluuhea  ,  Diagnosis  and  Adjusi 
Motor  Co. 


14.    Module  7203    Truck  4  a6d  5 -speed  Manual  TranaotLssion ,  Principles  of 
Operati^onsv- Pord  Motor  Co. 

P.  T.  Fuel  System  Operation,  Cummins  Engine  Co. 

P.  T.  Fuel  System  Plow,  Cummins  Engine  Co. 
LOCALLY  PE^ARED  MATERIALS  > 
INFORMATION  SHEETS 

1.  CM  "A"  IS  1.1.2a  "Study  Techniques". 

2.  CM  "A"  IS  1.1.3.11  "Safety  Policies". 


3.  CM  "A"  IS  1.2.2.1  "Maintenance  Of  LeaT  Acid  Storage  Batteries". 

4.  CM  "A"  IS  1.2.2.2  "Basic  Principles  of  Electricity". 

5.  CM  "A"  IS  1.2.2.3 ''jElect^ical  Circuits". 

6.  CM  "A"  IS  1.2.3.1  "General  Housekeeping". ^ 

7.  CM  "A"  IS  1;2.4.1  "Measuring  Instruments"."  " 

8.  CM  "A"  IS  1.2.4.2  "Fractions". 

> 

^:  CM  "A"_IS  1.2.4.3  , "Conversion  Chart"-. 

10.  CM  "A"  IS  iZ.  1.1.1  "Magnetos". 

11.  CM  "A"  IS  3.1.1.1  "The  Power  Train  of  the  M715  1  1/4  Ton  Cargo  Truck".! 


ERIC 
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JOB  iSHBETS 

1.  CM  "A"  JS  1.2.3.1  "GMollne  Engine  Diaasseobly,  Inspection  end  Asseably" 

2.  CM  "A"  JS  1.2.6.1  "Gesoline  Engine  Diagnosis  and  Adjustaent". 

3.  CM  "A"  JS  2.1.1.1  "Maintenance  of  Caterpillar  Diesel  Engines".  • 

4.  CM  "A"  JS  2.2.1.1  "Maintenance  of  IHC  DDT  429  Engines". 

5.  CM  "A"  JS  2.3.1.1,"Maint,enance  of  General  Motors  Diesel  Engines". 

6.  CM  "A"  JS  ?-4J.''  "Ma<nrmianrft  r^f  r„^».^T1s  M  Diesel  Engines".  


7.  CM  "A"  JS  2.5.1.1  "Maintenance  of  LD  465-1  Multifuel  Engines". 

8.  CM  "A"  JS  3.1.1.1  "Servicing  the  Power  Train  of  the  M715  1  1/i  Ton 

Cargo  Truck". 

9.  CM  "A"  JS  4,1.1.1  "Oxy-Mapp  Gas  Heating  and  Cutting" 

10.  CM  "A"  JS  4.1.2.1  "Servicing  Che  D4D  Crawler  Tractor". 

11.  CM  "A"  JS  4.1.3.1  "Adjusting  the  IHC  Model  260  Power  Control  Unit". 

.  WORK  SHEETS    '  ^ 
1.    CM. "A"  WS  1.2.4.1  "Matheoatics  Work  Sheet". 

— PROBLEM-SHEETS  1    ,  


1.  CM  "A"  PS  3.1.1.1  "Suspension  Field  Test  (Series)". 

2.  CM  "A"  PS  3.1.2.1  "Power  Train  Field  Test  .(Series-)". 

3.  CM  "A"  PS  3.1.3.1  "Brake  Service  Field  Test  (Series)". 


ANKEX-V 


TPinUHfl.  AIDS  EQUIPMEHT 

DEVICES 
I.  NP-17008 


Device.  6A2  Engine  Intertul  Combustion.  Elect<rically 
Operated.  $9195.00 


2. 


Projectors,  I600  sound* 


DEVICES  (Non-Havy) 


caterpillar  Diesel  Engine  CL^iWwayLO^^^ 
Diesel  Engine  (Cutaway) . 
p .  T .  Pump  (Cutaway) . 

Model  PSB6A  Fuel  Injection  Pump  (Cutaway). 

Mahual  5  speed  Transmission  (Cutaway) . 

Differential  Assembly.  Double  Raduction  (Cutaway) 

Air  Brake  System  (mounted  onboard)  $2445.00 

Model  260  Cable  Control  Unit  (Cutaway) . 

Fuel  Injection  Pvmp  (Cutaway) .  „       _    _  • 

Turbocharger  (Cutaway) • 

35mm  projectors,  tape  recorders.  ^ 


1.  D-315 

2.  GM  3-71 

3 .  Cummins 

4.  American  Bosch 

5.  American  Bosch 
.6.  -  American  Bosch 
l\    American  Bosch 

's.  International 

-_9-.  Rooaa^Jlaater 

10.  Caterpillar 
11. 


4o 
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ANNEX  VI 

FOBMS 


1.  .Equlpnent  Work  Order  -CNAVFAC  6-11200/41  Rev.  5-69)  0105-002-5326. 

2.  Shop  Rep*ir  Ordei  (coatlnuatlon  sheet)  (NAVFAC  9-11200/3B  (9-67)) 
0105-004-1020. 


\ 
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FIRST  WEEK 

topic  NO. 

TYPE 

PERIOD 

FIRST  DAY 

1. 0.0 

c. 

1 

2 

1.0.1 

.  c 

3  • 

1.0.2 

c 

1.1.1 

c 

5 

1.1.2 

c 

6 

1.1.3 

c 

"7 

SECdND  DAY 

1.2.1 

c 

8 

ANNEX  VII 
MASTER  SCHEDULE 


TITLE 


Base  & 


id 

Indoctrination 


Chaplain  Lecture 

Military  Courtesies,  Uniforms  &* 

Grooaljig  Standards  

School  Ind6ctrination 
Study  Techniques 
Safety  Policies 


RATIO 


24/a 

24/1 
24/1 


1.0.3  F\ 
THIRD  DAY 
1.2.1  C 


FOURTH  DAY 
1.2.1  S 


9 
10 
11 
12 
13 

lA.O 

U.S' 


15 
16 
17 

18.0 
18.5 

19  , 
20 

21.0 
21.5 


Aerobics 


Aerobics 


22 
-  23 
24 
25 
26 
27 
28 


24/1 
24/1 
24/1 


Internal  Combustion  Engin^ Principles  24/1 


.24/1 


Internal  Combustion  Engine  Principles  24/1 


6/1 


24/1 


Internal  Combustion  Engine  Principles   -  6/1 
"  ^    7    247r 
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FIRST  WEEK  (Cont'd) 

TOPIC  MO.  TYPE  PERIOD 
FIFTH  DAY 

1.2.3  C 


TITLE 


1.0.5 


Z9 
.30 
31 
32 


Gasoline  Engine  Disassembly 


UCMJ 


RATIO 

24/1 
24/1 


33  \ 
34 

35.0 
35.5 


ERIC 


1.0.12  C 
1.0.3  t 
SECOND  WEEK 
FIRST  DAY 
1.2.3  S 


second'^  day 

1.2.3 
1.2.4 


1.0.3 


S 
C 


THIRD  -DAY 
1.2.4  S 

V  4 


1 
2 
3 

4 

^■ 

7.0 
7.5 


8.0 
8.5 
9.0 
9.5 

10 
11 
12 

13.0 
13.5 
14 


15 

16 
17 
18 
19 
20 

21.0 
21.5 


Sea  Power 
Aerobics 


Gasoline  Engine  Disassembly 


Aerobics 


Gasoline  Engine  Disassembly 


Inspection  and  Measuring  Enginje 
Components 


Inspection  and  Measuring  Engine 
Components 


Aerobics 


4u 


24/1 
24/1 


6/1 


24/1- 


6/1 
24/1 

24/1 


6/1 


6/1. 


24/1 
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SEC(Mn)  WEEK  (Cont'd) 
TOPIC  HO.      TYPE  PERIOD 
FOURTH  DAY 


1.2.4 


1.2.5 


C 
C 

s 


22 

23 
24 
25 
26 
27 
-2«- 


TITLE 


Inspection  and  Measuring  Engine 
Components 

Gasoline  Engine  iSssembly 


RATIO 


6/1  > 


24/1 
24/1 
6/1 


/ 

FIFTH  DAY 
1.2.5 


1.0.6 
1.0.8  . 


1.0.3 

THIRD  WEEK 
FIRST  ftH  ' 
1.2.5 

1.2.2 


C 

C 


C 
C 


1.0.3  F 

SECOMD  DAY' 
1.2.2  C 


29 
30 
31 
32 
33 
34 

35.0 
35.5 


Gasoline  Engine  Assembly 


Pay  and' Allowances 
Prug  and  Alcohol  Abuse 


Aerobics 


1 
2 
3 
4 
5 
6 

7.0 

7.5 


8 
9 

10 
11 
12 

13. 
14 


Gasoline  Engine  Assembly 


Electrical  System  Principles 


Aerobics 


Electrical  System  Principles 


6/1 


24/1 
24/1 


24/1 


6/1 

24/1 
24/1 


24/1 


24/1' 


ERIC 


A-vll-3 


THIRD  WEEK  (Cont'd) 

TOPIC  NO.      TYPE     PERIOD  TITLE 

THIRD  DAY 

1^  2  2  C  15  Electrical  System  Principles 

■  16 
17 

 18  


RATIO 


24/1 


1.0.3^ 
FOURTH  DAY 
1.2.2 


1.2.6 


C 
C 


19 

20 

21.0 
21.5 


22 
23 
2A 
25 
26 
27 


Aerobics 


Electrical  System  Principles 


Gasoline  Engine  Trouble,  Diagnosis 
and  Adjustment 


24/1 


6/1 


24/1 
24/1  . 


28 


FIFTH  DAY 
1.2.6 

1.0.4 


1.0.17 
1.0.3 


C 

s 

c 


F 
F 


FOURTH  WEEK 
FIRST  DAY 
1.2.6  •  S 


1.0.3 


S 
F 


29 

30 
31 
32 
33 
34 

35.0 
35.5 


1 

2 
3 
4 
5 
6 

7.0 
7.5 


Gasoline  Engine  Trouble,  Diagnosis 
and  Adjustment  . 

Military  Behavior  and  Conduct  Ashore 

'^ose  Order  Drill  . 
Aerobics 


GAsolitfe  Engine  Trouble,  Diagnosis 
and  Adjustment 


24/1, 
6/1 
24/1 


24/1 
24/1. 


robics 


6/1 


24/1 


6/1 
24/1 


A-VII-A 


FOURTH  WEBC  (Cont'd)  , 
TOPIC  NO.   '  TYPE     PERIOD  TITLE 


SECOHD  DAY 
1.2.6  S 

 ^ 


,8 
9 

10 

11 
12 
13 

-44- 


Gasoline  Engine.  Trouble,  Diagnosis 
and  Adjiistment 


RATIO 
6/1 

24/1 
6/1 


.  THIRD  DAY 
1.2.6 


1,0.3 

FOURTH  DAY 


15 

16 
17 

18 

19.0 
19.5 
20 

21.0 
21.5 


Ik 

22 

2.1.1 

C 

23 

24 

25 

s 

26 

27 

c 

28 

FIFTH  DAY 

2.1.2 

c 

29 

30 

.,s 

31 

1.0.2 

C; 

32 

1.0.7 

C 

33 

34 

1.0.17 

F- 

35.0 

1.0.3 

F 

35.5 

Gasoline  Engine  Trouble,  Diagnosis 
and  Adjustment 


6/1 


Aetobics 


\ 


Caterpillar  Dies'^1  Engine  Operation 


24/1 
24/1 

24/1 


6/1 
24/1 


Caterpillar  Diesel  Engine  Maintenance  24/1 


Military  Courtesies ,  Uniforms  & 
brooming  Standards  ... 
Financial  Responsibility. 

Close  Order  Drill- 
Aerobics 


6/1 
24/1 

24/1 

24/1 
24/1 


A-yiI-5 


ERIC 


5^ 


TOPIC  NO.      TYPE     PERIOD     TITLE  RATIO 


FIFTH  WEEK 


FIRST  DAY 


2.1 .2 


1 
2 
3 


Catcrplllar  Diesel  Ex^glne  Maintenance  6/x 

\ 

\ 

 —  \  


1.0.3 

SECOND  DAY 
2.1.2 


THIRD  DAY 


2.1.2 


1.0.3 

FOURTH  DAY 

2.1.2 
2.2.1 

2.2.2 


S 
F 


5 
6 

7.0 
7.5 


s 

8 

9 

10 

11 

c 

12 

13 

14 

c 

.  .  15 

« 

'  16 

s 

17 

18  - 

19 

20 

21.0 

F 

21.5 

c 

22 

c 

23 

S 

24 

25 

C 

26 

C 

27 

28 

Aerobics 


6/1 
24/1 


Caterpillar  Diesel  Engine  Maintenance  6/1 


24/1' 


Caterpillar  Diesel  Engine  Maintenance  24/1 

6/1 


^roblcs 


24/1 


( 


Caterpillar  Diesel  Engine  Maintenance  24/1 
Intematloilal  Diesel  Engine  Operation  24/1 

6/1 


24/1 


International  Diesel  Engine  Maintenance  24/1 


A-VlT-6 


FIFTH  WEEK  (Cont'df^ 
TOPIC  PfeRIOD 
FIFTH  DAY 


2.2.2 

C 

29 

.  S 

30 

31 

1.0.9 

C 

32 

33  ' 

'1.0.15 

C  " 

3A 

1.0.17  • 

F 

1.0.3 

¥ 

SIXTH  WEEK 

FIRST  DAY 

f 

\ 

2.2.2 

'.  1 

2 

3 

C 

A 

\ 

5 

6. 

s 

1.5.3 

F 

7.5 

RATIO 


Intetnational  Diesel  Engine  Maintenance  2A/1 
1  ,     ,  .  .6/1 


Careel  Opportunities  &  /Special 
Prosra 

Security 

Close  Order  Drill 
"Aeroblci 


2A/1 


2A/1 
2A/1 


InternaiiLg^l  Diesel  ^ine  Maintenance  6/1 


Aerobics 


2A/X 


6/1 
2A/1 


SECOND  DAY 
2.'2T2 


S  / 


C 

s 


THIRD  DAY 


2.2.2. 


C 
S 


C 
S 


1.0.3 


8 
9 
10 
11 
12 
13 
lA 


15 
16 
17 
18 
"19 
20 

21:0 
21.5 


lAtemational  Diesel  Engine-^  Main tenahce  ^/l 


/ 


/ 


2A/1 
•  6 


International  Mesel  Engine  j;(ia4.ntenance  '2A/1 

T  -  .-6/1 


Aerotdics  • 


V     .  2A/1 
'  6/1 

•  2A/1 


SIXTH  WEEK  (Cont'd) 

TOPIC  NO.      TYPE  -    PERIOD^'  TITLE 


RATIO 


FOURTH  DAY 
2.2.2  ■ 

2.3.1 

4 

f IFTH  DAY 


S 

'C" 

c 
s 


2.3.1 

1.6.19 
1.0.14 
1.0.11 
1.0.17 
1.0.3 

SEVEMTH  WEEK 

FIRST  DAY 

•2.3.2 


S 
C 

C 
C 

c 

F 
F 


S 

c 


1.0.3 

SECOND  DAY 
2.3.2 


C 
S 


22 
23 
24 
25 
26 
27 
28 


29 
30 
31 
32 
33 
34 

35.0 
35.5 


9 

10 

u 

12 

13' 

14 


International  Diesel  Engine  Maintenance  6/1 

^  24/1 

General  Motors  Diesel  Engine  Operation  24/1 

6/1 


General  Motors  Diesel  Engine  Operation  6/1 

24/1 


Enlisted  Performance  Evaluations 

Advancement  in  Rate 

Navy  Human  Goals  Objective 

Close  Order  Drill 

Aerobic's 


General  Motors  Diesel  Engine 
Mainte^nce 


2 
3 
4 
S 
6 

7.0  . 
7.5 


8 


Aerobics 


Genefal  Motors  Diesel  Engine 
Maintenance 


24/1 
24/1 
24/1 
24/1 
24/1 


24/1 

6/1 
24/1 

24/1 

24/1 

6/1 

24/1 


5n 


A-VII-8 


SEVEHTH  WEEK  (Cont'd) 
TOPIC  MO.     TYPE  PERIOD 


THIRD  DAY 
2.3.2 


1.0.3 

FOURTH  DAY 
2.3.2 

2.4.1 
FIFTH  DAY 
2.4.1 

1.0.10 
1.0.13 
1.0.18 
1.0.17 
1.0.3 

EIGHTH  WEEK-- 
FIRST  DAY 
2.^2 


1.0.3 


C 
S 
C 

s 

F 


15 

16 
17 
18 
19 
20 

21.0 


TITLE 


General  Motors  Diesel  Engine 
Maintenance 


F 

.  21.5 

Aerobics 

S 

22 

* 

General  Motors  Diesel  Engine 

. Maintenance  — 

23 

24 

25 

C 

26 

27 

C 

28 

Cummins  Diesel  Engine  Operation 

s 

29 

Cumminls  Diesel  Engine  Operation 

30 

C 

31 

c 

32 

Basic  Principles  of  Leadership 

c 

33 

Safe  Driving 

c. 

34 

CHAMPUS  -  Medical  Care 

F 

35.0 

Close  Order  Drill 

F 

35.5 

Aerobics 

1 

2 
3 

4 
5 
6 

7.0 
7.5 


Cunnnins  Diesel 'Engine  Maintenance 


RATIO 


6/1 


24/1 
24/1- 


.6/1 

24/1 
24/1 

6/1 

24/1 
24/1 
24/1 
24/1 
24/1 
24/1 


Aerobics 


24/1 

6/i 

24/1 

6/1 
24/1 


ERJC 
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00 


EIGHTH  WEEK  (Cont'd) 
'  TOPIC  NO.      TYPE  PERIOD 


SECOND  DAY 
2.4.2 


C 
S 


8 
9 

iO 
11 
12 
13 
14 


TITLE 


CuBsnins  Diesel  Engine  Maintenance 


RATIO 


6/1 


24/1 
6/1 


THIRD  DAY 


1.0.3 

FOURTH  DAY 

2.^4.2  J) 
2.5.1 


S 
C 


C 
C 


2.5.2 


C 
C 


15 
16 
17 
18 
19 
20 

21.0 
21.5 


22 
23 


24 
25 
26 
27 
28 


Cummins  Diesel  Engine  Maintenance 


Aerobics 


Ciinunins.  Diesel  Engine  Maintenance 
■LD  465-1,  Multi-Fuel  Engine 
Operation 


LD  465-1,  Multi-Fuel  Engine 
Maintenance 


6/1 
24/1 

6/1 


24/1 


24/1 
24/1 


6/1 

24/1 
24/1 


FIFTH  DAY 
2.5.2 


1.0.16 
1.0.20 
1.0.35 
1.0.17 
1.0.3 


C 
C 
C 
F 
F 


29 

30 
31 

32 
33 
34 

35. 
35. 


LD  465-1,  Multi-Fuel  Engine 
Maintenance 

Navy  Traditions  and  Customs 
Educational  Opportunities 
Nature  Makes  Some  Traffic  Laws 
Close  Order  Drill 
■  Aerobics 


24/1 

6/1 

24/1 
24/1 
24/1 
24/1 
24/1 


ERIC 


5/ 


A-VII-IO 


NIKTH  WEEK 
TOPIC  mo,  TYPE 
FIRST  DAY 
2.5.2  S 

C 

s 
c 
s 
c 

1.0.3  F 
SECOND  DAY 
2.5.2  C 
S 


C 
S 


PERIOD  TITLE 


2 

3" 
4 
5 
6 

7.0 
7.5 


8 

9 
10 
11 
12 
13 
14 


LD  465-1,  Multi-Fuel  Engine 
Maintenance 


AeroTaics 


LD  465-1,  Multi-Fuel  Engine 
Maintenance 


RATIO 


6/1 


24/1 
6/1 

24/1 
6/1 

24/1 

24/1 


24/1 
6/1 


24/1 
6/1 


THIRD  DAY 
2.5.2 


15 

16 
17 
18 
19 

20.0 


LD  465-1,  Multi-Fuel  Engine 
Italntenance 


6/1 


24/1 


ERIC 
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INSTRUCTOR 


PHASE  1 


Gasoline  Engine  Repair  and  Adjustment 


5J 


MODIFICATIONS 


J<f^^2ify^^  ^hjM-         ^j^.^  publication  has  (have)  been  deleted  in 
adapting  this  material  for  inclusion  in  the  "Triairlmplementation  of  a  ^ 
Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
and  Technical  Education."""  Deleted  material  involves  extensive  use  of 
military  forms,  procedures,  systems,  etc.    and  was  not  considered'  appropriate 
for  use  in  vocational  and  technical  education. 
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CM  "A"  IG  1.1.2 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Uaclassified 

Topic:    Study  Techniques 

Average  Time:    1  Period  (Clas'fe) 

Instructional  Materials: 

k.    Te>cts:  None. 

B*  References: 

1»'  How  to  Study,^  T.  F.  Staton,  McQuiddy 
Printing  Co. ,  Nashville,  Tennessee. 

C.  Tools,  Equipment  and  Materials:  None. 

D.  /Training  Aids  and^ Devices: 

1.    Locally  Prepared  Materials: 

a.    Information  sheets. 

(1)    CM  "A"  IS  1.1.2.1,  "Study 
Techniques" . 

E.  Training  Aids  Equipment:  None. 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  have  registered  for  the  course, 
received  course  textbooks,  answered  questions 
pertaining  to  key  points  on  the  organization, 
tiiission  and  regulations  of  NAVCONSTRACEN  and 
CBC,  reviewed  class  schedule,  met  his  counselor, 
stated  the  standards  of  the  school,  described  the 
benefits  that  can  be  derived  from  good  study 
techniques,  listed  the  factors  contributing- 
to  the  enhancement  of  good  study  techniques,  stated 
how  to  report  accidents  or  fires  and  listed  the 
safety  practices  that  will  be  enforced  in  the 
school. 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  have  described  the  benefits  that 
may  be  derived  from  good  stydy  techniques  and 
stated  the  factors  contributing  to  the  enhancement 
of  good  study  techniques*. 

Criterion  Test:    Describe  the  benefits  that  may 
be  derived  from  good  study  techniques  and  state 
the  factors  contributing  to  the  enhancement  of 
good  study  techniques • 

Homework:  None. 
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OUTLINE  OF  INSTRUCTION 

I.  Introduction  to  the  lesson. 

A.  Establish  contact* 

1.  Nase:  ^ 

2.  Topic:    Study  Techniques. 

B.  Establish  readiness; 

1.  Purpose. 

2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  Job. 

c.  Get  advanced. 

d.  Be  a  better  mechanic* 

D.  Overview. 

I.    Ask  questions. 

II.  Presentation. 

A.    Steps  of  procedure. 

1.    Benefits  bf  good  study  techniques 
a.    Economy  of  time  and  effort.^ 


ERIC 


CM  "A"  IG  1.1.2 

INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Hotlvate  student. 


I.e.  Bring  out  need  and  value  of 
material  being  presented* 


I.D.-   State  learning  objectives. 

1.    State  Information  and 
materials  necessary  to  guide 
student. 


of  4) 
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1         OUTLIHE  OF  mSTRUCTION 

b.    Study  techniques. 

(1)  Attitude. 

(2)  Study  environment. 

(3)  Time  budgeting. 

(4)  Concentration  habits. 

(5)  Reading  habits. 

(6)  Note  taking. 

2.  Factors  contributing  to  good  study 
techniques. 

a.  Favorable  environment. 

(1)  Free  from  distraction. 

(2)  Proper  lighting. 

*  (3)    Proper  tempeirature. 

(4)  Comfortable  furniture. 

(5)  Necessary  materials  on  hand. 

b.  Study  time  budget. 

(1)  Definite  study  time. 

(2)  Daily  load  of  study  hours. 

(3)  Avoid  interruptions. 

3.  Improve  reading  ability. 

6o 
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CM  "A"  IG  1.1.2 
STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 


a*    Develop  reading  habit, 
b.    Develop  better  vocabulary. 

III.  Application. 

A.  Clear  up  any  questions  or  doubts  ^Ith 
students • 

IV.  Summary.  / 
A*    Benefits  of  good  study  techniqt^es* 

1.    Economy  of  time  and  effor/. 
^    2.    Study  techniques. 

B.  Factors  contributing  to  gbjid  study 
techniques  * 

1.  Favorable  environmer 

2.  Study  time  budget. 

C»    Reading  abll^lty. 

\ 

1.  Develop  reading^  habits. 

2.  Develop  voca^lary. 

> 

None. 


^  T«st: 

6V 
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INSTRUCTOR  ACTIVITY  STUDENt  ACTIVITY 


III. A.    Encourage  student  III.A.    Ask  questions 

questions.  as  necessary. 

» 
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-NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  '"A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Topic:    Safet]^  Policies 

Average  Timej    1  Period  (Class)  v  ^ 

Instructional  Materials: 
A«    Texts:  None. 

B.  References: 

1.    Department  of  the  Navy  Safety  Precautions 
for  Shore  Activities,  NAVSO  P-2455  (Current 
Series) . 

C.  Tools,  Equipment  and  Materials:  None. 

D.  Training  Aids  and  Devices: 

'f-l^'^^lioLcaliy  Pr^epared  Materials: 


a>    InJormation  sheets •  \ 


(  t  1r 


\  (1)    CM  "A"  IS  1.1.3.1,  '^Safety 

.  Policies". 

El    Training  Aids  Equipment:  None. 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  have  registered  for  the  course » 
received  course  textbooks,  answered  questions  per- 
taining to  key"' points  on  the  organization »  mission 
and  regulations  of  NAVCONSTRACBN  and  CBC,  reviewed 
class'  schedule,  met  his  counselor ,  stated  the 
standards  of  the  school,  described  the  benefits 
that  can  be  derived  from  good  study  techniques,  * 
listed  the  factors  contributing  to  the  enhancement 
of  good  study  techniques,  stated  how  to  report 
accidents  or  fires  and^isted  the  safety  practices 
that  will  be  enforced  in  the  school. 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  properly  report 
fires  and  accidents  and  explain  the  safety 
*  practices  that  will  be  enforced  in  thl^  school. 

Criterion  Test:    State  the. procedure  for  properly 
reporting  fires  and  accidents  and  explain  safety 
ptactlces  that  wilX  be  enforciid  in  this  school. 


Homework:  None. 


ERIC 


\6j 


(1  of  7) 


i'U 


OUTLDtt  OF  IMSTRUCTION 

I.    Introduction  to  the  lesson,  » 
A.    Establish  contact. 

c 

1.  Name:  .  ^ 

2.  Topic:  *  Safety  Policies. 
Establish  readiness. 

1.  Purpose. 

2.  Assignment.- 

C.  Establish  effect. 
1.  Value. 

a.  Pass  course. 

b.  Perforpi  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Mechanic. 

D.  Overview.  ^ 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  an^  topic. 


CM  "A"  IG  1.1.3 
STUDENT  ACTIVITY 


I.B.    Motivate  student,. 


I.e.  Bring  out  need*and  value 
of  material  bein^  presented. 


I.D.    State  learning  objectives. 

1.    State  information  and 
materials. necessary  to  g»  xde 
students  -  *  * 


7,. 


ERIC 


(2  of  7) 


OUTLINE  Of  IMSTRUCTKW 
II «  Presentation* 

A.    Safety  Policies* 

1.  Safe  handling  and  use  of  eqi^ipaent. 
a*  Electrical. 

i 

(1)  Go6d  ground  connection. 

(2)  Use  proper  cord,  one!  capable 
of  carrying  enough  current  to 
operate  the  device  you  are 
operating. 

(3)  Use  pcjwer  tools  withiri^  their 
rated  capacity. 

b.  Fuels. 

N 

(1)  Keep  4n  closed  well  marked 
containers  (safety  cans) 

« 

(2)  Store  in  area  well  away  l^rom 
open  flames  or  operating 

'  equipment. 

2.  Safe  handling  and  use  of  materials, 
a.    Proper  lifting  equipment. 


(1)    Use  lifting  equipment  for  ^ 
heavy  loads  -  hoists,  jacks^ 
,    chain  falls,  etc. 


INSTRUCTOR  ACTIVITY 

II.    Issue  study  .guide 

Encourage  students\to 
ask  questions.  ^ 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.1.3 
STUDENT  ACTIVITY 


b.    Proper  moving  equipment* 

(1)    Dollies,  trucks,  etc. 
Personal  safety  indoors  and  out. 
a.    Tripping  hazards. 

(1)  Door  sills. 

(2)  Miscellaneous  low  equipment  etc. 
b/   Slipping  hazards. 

(1)    Grease,  oil,  etc. 
c*    Eye  hazards. 


(1)  Welding. 


(2)  Flying  particles  when  grinding,^ 
hammering,  etc. 

(3)  .  Mixing  electrolyte. 

d.  Acids  (sulfuric). 

(1)  Always  pour  acid  into  water. 

(2)  Wear  protective  clothing. 

e.  Toxic  funfes. 

(1)    Keep  spaces  well  ventilated. 

f.  Compressed  air.- 


7o 
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o.m.IKE  OF  IMSTRUCTIOH  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(1)  Never  play  with  air  hose, 

practical  jokes  with  an  air  \ 
nozzle  can  cause  instant  death 
or  painful  injuries. 

(2)  Keep  nozzle  pointed  down  §way 
,       '         '      from  eyes.  * 

4.  Avoiding  and  eliminating  fire  hazards. 

a.  Cleanliness. 

(1)    Keep  floors,  benches,  etc. 

clean.  ^ 

b.  Proper  stowage  of  material. 

(1)  Keep  gasoline  in  closed  gas  cans. 

(2)  Use  waste  rag  'containers.  « 

(a)    Never  leave  dirty  or  oily 

rags  loose.  ? 

5.  Methods  of  reporting  accidents  and  fires, 
a.    Reporting  procedures. 

(1^  *  Mu0t  be'Vel?ortedj^tQ^  the  .instruc- 
tor even  though  no" personal   \  '  ^ 
injury  is  incurred. 

(2)    Cause  must  be  determined. 


(a)    ho  prevent  reoccurance  of 
7  /  ^  similar  accidents. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.1.3 
STUDENT  ACTIVITY 


b.    Corrective  action. 

(1)  First  aid  as  required. 

(2)  Fighting  fires  as  required. 

(a)  Know  the  fire  bill, 

(b)  Know  location  of  fire 
extinguishers  and  alarms < 

6.    Introduction  of  Class  Safety  Man, 

a.    Duties  of  the  Class  Safety  Man, 


7  J 


(1) 


(2) 


Student  member  shall  wear 
Green  Cross  Safety  Badge  on 
cap  for  identification. 

Ensure  that  all  personnel  in 
their  charge  are  instructed 
Regarding  safe  work  practice 
and  that  all  rules  and 
regulations  are  followed. 

Promote  safety  consciousness 
and  accident  prevention. 


(3) 


(4)    Report  imn/ediately  to  the  CPO 
in  Charge  any  safety  hazard 
or  violation,  and  suggest 
^.^.^  ,  possible  m^ans  of  correction, 
where  possfbli^.    Hazards  or'"' 
violations  noted,  regardless  of 
location,  are  to  be  reported; 
however,  emphasis  is  to  be 
placed  on  the  detection  of 
safety  hazards  or  violations 
within  their  respective  school. 


II. A. 6. a.    Point  out  and 
stress  duties  and  responsibil- 
ities. 


11. A, 6. a.  bafety  Man 
take  notes. 


V 
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OUTLtHE  OF  INSTRUCTION 
HI./  Application. 


/ 


/  A.    Have  student  state  the  procedure  for 

properly  reporting  accidents  and  fires. 


/IV  Summary. 

V      A*    Safety  policies. 


V.  Test 
I 


1.  Safe  handling  atid  use  of  equipment. 

r 

2.  Safe  handling  of  materials. 

3.  Personal  safety. 

4.  Avoiding  and  eliminating  tire  hazards.' 

5.  Merhod^  o£  repoctlag  accidents  and  fires. 
Non^. 


INSTRUCTOR  ACTIVITY 


CM  "A".  IG 
STUDENT  ACTIVITY 


III. A.     Call  on  student  by  name 
to  state  procedures  for  properly 
reporting  accidents  or  fires. 


r 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 

^   _ JORT  HUENEME,  CALIFORNIA  ^  93043  ,  ^  ^  

"construction  ffiCHANIC  ••X"  SCHOOL  TRAINING  COURSE  A-6iO-0022 


Classification:  Unclassified 

\  ^ 
Topic:    Internal  Combustion  Engine  Principles 

\ 

Average  Time:    l3?^riods  (Class) »  5  Periods  (Pract) 
Instructional  MateriVls: 
A*  Texts: 


I.    Automotive  Mechanics >  6th  edition »  McGfav* 
vHill  Book  Co.,\  Chapters  3  -  12, 


B.  References:  None. 

C.  Tools,  Equipment  anc^  Materials: 
1. 

2.    Assorted  engine  parts. 


Materials: 

Ford  6  cylinder  gasoline  engine  (12  ea.).. 


D.    Training  Aids  and  Devices: 


\ 


1.    Films i 


a.  ABC-003»  "ABC  of  Automotive  Engines'' » 
GM  Corp • , (21  mih. ) . 

b.  MA-8886,  "Carburetor  Principles  of 
Operation",  (25  min;). 

c.  COO-OOl,  "Cooling  System",  Ethyl  Cor?l 
'(20  min.). 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  disassemble,  assemble, 
tune,  and  adjust  a  six  cylinder  gasoline  engine 

:   using-a  ^ordx-240  cubic -inch-engine  ,  -Using~app£opi:4ate — 
handtools,  shop  equipment  and  materials,  he  will 
accomplish  this  task  in  accordance  with  Job  sheets 
CM  "A"  JS  1.2.3.1,  "Gasoline  Engine  Disassembly, 

^  Insjpection  and  Assembly"  and  CM  "A"  JS  1.2.6.1, 
"Gasoline  Engine  Diagnosis  and  Adjustment".  Upon 
completion  of  assembly  ai^d  tune--up,  the  engine  shall 
perform  with  an  ignition  timing  of  6^  B.T*C.,  dwell 
of  37°  -  42°,  idle  at  550  rpm,  intake  manifold  of 
18  -  21  inches,  oil  pressure  and  coolant  temperature 
in  normal  operating  range.  . 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  identify  and  select 
with  lOOZ  accuracy  all  engine  parts  while  considering 
principles  of  operation  of  an  internal  combustion 
engine.    He  will  be  evaluated  on  a  continuing  basis 
throughout  the  engine  disassembly,  mea8u]:4j:ig  and  >^ 
inspection  of  parts  and  reassembly  sections  of 
CM  "A"  JS  1.2.3.1.  \* 

Criterion  Test:    Students  will  answer  successfully,  ^ 
20  of  25  mult^^l^  choice  test  items  involving  internal' 
co&^u'stlon  engine  principles. 

Homework:    Read,  Automotive  Mechanics,  6th  edition,  . 
pp.  55  -  199.. 
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2.  Devices.  ^ 

a,    NP-1^008,  Device  6A2  Engine  Internal  Combustion, 
Electrically  Operated.  * 

3.  Slide  Films, 

a.    Gasoline  Engines,  Principles  of  Operation 
_  Module  6001^  Ford  Service  Publications 
P.O.  Box  7750^  Detroit,  Michigan  48207. 

d.    Locally  Prepared  Material: 

a.    Information  sheet. 

(1)    CM  "A"  IS  1, 2.1,1,  "Internal  Combustion 
Engine*  Principles".  , 

Training  Aids  Equipment:  None* 
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OUTLINE  OF  INSTRUCTION 

I.    Introduction  to  the  lesson*     "  ^ 
A.    Establish  contact. 
1 •    Name : 

2.    Topic      Internal  Combustion  Engine 
Principles 


B.  Establish  readiness. 

1.  Purpose. 

2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

^   a.    Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Cons^truction  Mechanic. 
I>.    Ov-erview:      ^  ^ 

J  — —  


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


CM  "A^^  IG  1.2.1 
STUDENT  ACTIVITY 


I.E.    Motivate  student  < 


I.e.  Bring  out  need  and  value  of 
material  being  presented. 


I.D.    State  learning  objectives. 


_Si:ate  lnf_PJlMtior- 
materials  necessary ~to  guidei 
student. 
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OVTLIKE  OF  INSTRUCTION 
II,  Presentation. 

A.    Internal  Combustion  Engine  Principles. 


1.  Internal  combustion  engine. 

a.    An  engine  in  which  the  combustion 
(burning)  of  fuel  takes  place 
within  the  engine  cylinder,  as 
opposed  to  external  combustion 
engine,     (steam  engine),  in  which 
'  the  burning  of  fuel  takes  place 
in  the  boiler  outside  the  engine 
cylinder . 

2.  Reciprocating  engine. 

\ 

a.    An  engine  in  which  power  is 
developed  by  the  u£  and  down 
motion  of  'the  piston.    This  is 
opposed  to  a  rotary  engine  (gas 
turbine) ,  in  which  power  is 
developed  entirely  from  rotary 
motion. 


3.  Cycle. 


a.    A  series  of  events  that  occur  and 
\J         re-occur  In  a  definite  sequence. 

In  a  four  stroke  cycle  engine,  the 
four  strokes  must  occur:  intake, 
compression,  power  and  exhaust. 


B.    Basic  components  and  mechanical  p|:inciples: 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.1 


STUDENT  ACTIVITY 


II, A.  Issue  Information  sheet 
CM  "A"  IS  1.2.1.1. 


II. A.    Follow  ins true 
tor  discussion  using 
information  sheet. 


-  rir.A.l.    Uslng^  cutaway- engine      -II^A^2^  -Follow^lnatr 
and  training  slides,  explain         tor  and  take  notes, 
meaning  of  technical  words  and 

phrases,  basic  component  and  ' 
mechanical  principles. 
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OUTLINE  OF  IHSTRUCTION  *  "  "     INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


\s    Cylinder  and  piston. 


The  burning,  fuel  -  air  mixture  is 
trapped  in  the  cylinder  between  the 
cylinder  head  and  piston  crown. 
Expansion'  of  the  burning  gases 
forces  the  piston  downward  trans- 
mitting power  to  the  connecting  rod, 


2.  Connecting  rod  and  crankshaft, 

a.  The  connecting  rod  changes  the  / 
reciprocating  motion  of  the  piston  V 
to  the  rotary  motion  of  the  crank- 
shaft, ^  -  .    .  ^  -  -  , 

3,  Valves  and  operating  mechanism, 

a*'   Intake  valves  -  permit  air  and  fuel 
mixture  to  enter'  cylinder  during  the 
Intake  stroke, 

b.  Exhaust  valves  -  permit  the  exhaust  .  - 
gases  to  escape  during  the  exhaust 

stroke,  > 

c.  Opening  and  closing  of  tone  exhaust 
and  intake  valves  is  accomplished  by 
action  of  the  camshaft  through 

suitable  linkage*  . 
C*    Engine  operation.  _ 
1,    Intake  stroke. 


a.    The  piston  mgves  down  from  T,D.C, 
creating  a  ^acuum  in  the  cylinder, 

* 
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OUTLINE  OF  INSTRUCTION 


The  intake  valve  is  open,  so  the 
^mixture  "of  gasolfrie^'and  aTir""' rushes" 
through  the  opening,  pushed  by 
atmospheric  pressure  outside. 


2 .    Compres»4(5ir"stroke  - 


a.    From  its  bottom  position,  bottom 

_  __dead  center  (BJ-^C  J  the  piston  

moves  upward.    The  intake  valve 
closes  and  the  mixture  is  compressed 
in  the  closed  end  of  the  cylinder. 
It  is  compressed  or  squeezed  to  a  . 
pressure  pf  perhaps  200  pounds  per 
square  inch  (PSI) . 


CM  IC  1.2.1 
STUDENT  ACTIVITY 


3.  Power  stroke. 

a.    The  spark  occurs,  the  burning  mixture 
expands  and  almost  immediately  the 
pressure  jumps  to  600  to  700 ^PSI 
three  or  four  times  the  pressure 
before  ignition.    With  a  piston  3  1/2" 
in  diameter,  the  total  preafilire  on 
the  top  will  be  about  three  (3)  tons. 
This  enormous  f^ce  pushes  the  piston 
down,  which  of  course  makes  the  crank- 
shaft turn,  delivering  power  to  what- 
ever is  connected  to  the  shaft, 

4.  Exhaust  stroke. 

a.    Both  valves  have  been  closed  during 
the  compression  apd  power  strokes,  but 
now  the  exhaust  valve  opens.    As  the 
piston  moves'up  again  it  forces  the 
exhaust* gases  out  through  the  passage 
opened  by  the  exhaust  valve.    As  the 
piston  gets  to  the  top,  the  exhaust 
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OUTLINE  OF  INSTRUCTION 


Valve  closes \and  the  intake  valve 
opens  again,  teady  for  the  beginning 
of  the  next  cyc'\e. 


Engine  types: 

1.    Four  stroke  cycle, 


Requires  fouy  strokes  of  piSstou 
(intake,    coinpression,  poweA  and 
exhaust)  to  produce  one  power 
stroke.    Two  revolutions  of  \ 
crankshaft  are^iecessary  to  \ 
complete  the  fdur  stroke  <^cle^ 


2.    Two  stroke  cycle, 


\ 


a.  Every  up  stroke  is  compression  \ 
stroket,  '  ^ 

b.  Every. down  stroke  is  power  stroke^ 


Exhaust  and  intake  occur  at  bottom 
of  power  stroke  and  before  start  o^' 
compression  stroke. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.1 

STUDENT  ACTIVITY 


NOTE:  Maintain  student  interest 
through  oral  questions: 

a.    Define  an  internal 
combustion  engine* 


b.  Name  the  four  strokes  of 
four  stroke  cycle. 

c.  On  what  stroke  does  the 
spark  occur? 

ri.D.  Show  movie  ABC-003,^C  II. D.  View  movie  and 
of 'Automobile  Engines  (21  ittln.);  take  notes. 

Discuss  high  points  of  movie,    participate  in  class 

discussion. 
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buTlIWE  OF  INSTRUCTION 

d .  Fires  each  time  pi.ston  comes  to 
top  dead  center  (T»D.C,)« 

e.  Each  revolution  of  crankshaft 
produces  one  (1)"  power  stroke. 

B .    Engine  yineasurements . 

1;    Bore  and  stroke, 

a.  Determine  piston  displacement. 

XD    II       X  stroke  x  No,  cylinders 
*    '    equals  total  displacement  of 
,  engines,  * 

b .  Bore  -  inside  diameter  of  cylinder 
in  inches,  * 

c.  Stroke  -  the  distance  piston  travels 
from  bottom  dead  center  to  top  dead 
center. 

.  '  -  (1)    Stroke  is  equal  to  twice  the  \ 

length  of  the  cranikshafjt: 
throw, 

d.  Bore  always  given  fi^r^t  (3  3/4"  x 
*    3  7/8")  or  3,750  x  3,875), 

^     2.    Piston  displacement,/ 

a.  Cubic  inches  of  area  in  the  cylinder 
when  piston  is  at  bottom  dead  center*, 

b.  Computing  of  piston  displacement. 


INSTRUCTOR  ACTIVITY 


II, E,    Have  class  refer  to 
illustrations  in  Automotive 
Mechanics,  6th  edition,  pp, 
67-77,  and  discuss  engine, 
measurements. 


CM  "A"  IG  1.2.1 
STUDENT  ACTIVITY 


II*,  E.    Open  text  to 
pages  directed  by 
instructor  and  follow 
discussion. 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


(1)    Area  gf  piston  head  multiplied ' 
\    *        by  the  length  ofj  the  stroke  ift--  ^  ' 
,  ,         -  -^incWs  CirR?  X  stroke  x  No* 

cylinders  »  total  displacement. 
'  of  engine)  or  -  .7854  x       x  stroke 
%  No.  cylinders  -  total  displacement 
.  (D  -  diameter  of  cylinder) . 

» 

3.    Compression  ratio. 

a.  Comparison  of  volume  of  cylinder  when 
piston  is  at  B.D.C  compared  to  volume 
when  piston  is  at'T.D.C.^ 

(1)    Cylinder  volume  at  B.D/tJ.  7 
volume  T.D.C. 

b»    Compression  ratio  of  present  day 
gasoline  ^engines  8  on B  1/2  to  1. 

Engine  timii^g. 

1.    Valve  timing.  ^ 

a.'   The  exact  time  in  engine  cyple 
.    When  the  intake  and  the  exhaust 
valves  open  and  close  in  relation 
to  piston  travel. 

(1)    Usually  stated  in  terms  of 

degrees  of  crankshaft  rotation 
y   before  and  after  T.D.Ct  and 
B.D.C.  . 


II^F.l.  Using  training  chart 
and  chalkboard,  explain  valve 
and  ignition  timing  diagrams. 
Have,  students  refer  to  valve 
timing  diagrams  in  Automotive 
Mechanics,  6th  edition,  pp.  , 
135  and  136. 


CM  "-A"  I  :.2.i 

STUDENT  ACTIVITY 


./ 

II.F.l.    Take  n^/Bs/^nc 
refer  to  pages^ln^text 
as  directed.^'  '  / 


/ 


/ 


9j 


/2.    Ignition  timing. 

. 

a.    The  exact  time  the  spark  occurs  in 
the  engine  cycle  in  relation  to 
piston  position. 
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QUTLIKE  OF  TUSTRUCTION  ^  ^ 

G.    Classification  of  engines* 

1,  By  cooling  systems • 
a.    Air  cooled 

-  .  b.    Water  cooled  (or  other  liquid) . 

2.  By  cylinder  arrangements^ 

a.  In  line, 

(1)    All  cylinders  cast  in  a 
straight  line. 

b.  V-type. 


(1)    Two  banks  of  cylinders^ 

mounted  in  a  "V"  shape  above 
the  crankshaft.. 

Opposed  or  "flat"  block. 


c. 


(11  Cylinders  mounted  in  two  side 
rows^  each  opposite^  a  central 
crankshaft. 

3,    By ^ valve  arrangement. 

f 

a.    L-head.  ' 

(1)    Both  valves  in  bloclc  on  the' 
^  s*ame  side  of  cylinders. 

'  b.'  I-head. 


INSTRUCTOR  ACTIVITY 

II. G.    Using  cutaway  engine, 
explain  how  to  identify  a 
liquid  cooled,  overhead 
valve,  in-line  engine. 

Refer  class  to  text  Automotive 
Mechanics  6th  edition,  Ch.  ^ 
5  for 'Classification  of 
engines. 


CM  "A"  IG  1.2.1 

c;tijdeht  activity; 


Refer  to  text  as 
directed  for  classifi 
cation  of  engines. 


4  :/ 


II. G. 3.    Oral  questions: 

a.  Name  3  i^ethads  of  identifying 
engines.   '  ' 

b.  Where  are  the  valves  lodated 
on  an  ''VI  hem  engine?  , 
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OUTLINE  OF  IHSTRIUCTION 

(I)    Valves  mounted  in  the  head 
above  the  cylinders. 

c.    F-head:  v 

(1)    Intake  valves  located  in  the 
head,  exhaust  in  the  block. 

H»    Engine  construction. 

1.  Cylinder  blocks. 

a.  Air  cooled  engine. 

<  (1)    Usually  employs  cooling  fins 

in  place  of  cooling  water 
Jacket. 

b.  Liquid  cooled  engine. 

(1)    Must  incorporate  coolant 
passages  and  radiator. 

2.  Cylinder  heads. 

a.  Cast  iron-alloy  (most  frequently 
used) . 

b.  Aluminum  alloy  (provides  lighter 
construction,  becoming  more 
common) . 


CM  "A"  Iff  1.2.1 

INSTRUCTOR  ACTIVITY  ,     '  STUDENT  ACTtVltY 


II. H.    Refer  class  to  Automotive  II. fl.    Refer  to  text 
Mechanics,  6th  edition,  ch.  6,      pages  as  directed, 
for  cylinder  block  construction, 
cylinder  head  design    and  crank- 
case  components. 


NOTE:    Oral  questions: 

1.  What  part  forms  the  basic 
framew6rk  of  the  engine? 

2.  Describe  briefly  the  dif- 
ference between  a  liquid  cooled  1  l )  i 
and  air  cooled  cylinder  •  block.  J  i 
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OUTLINE  pP  IMSTRUCTION 
3.  Crankcase. 


a.    Oil  pan  and  lower  part  of  cylinder 
block. 

Encloses  the  crankshaft. 

Pistons. 

a.  Purpose, 

(1)  |feceives  the  force  of  combus- 
tion and  transmits  this  force 
through  tbe- connecting  rod  to 
the  crankshaft, 

b»  Construction, 

(1)  Cast  iron, 

(a)    Employed  in  slow  speed, 
heavy  duty  engines.  ^ 

(2)  Aluminum  alloy, 

(a)  Used  in  high' speed  engines, 

(b)  Also  replacing  cast  iron 
pistons  in  many  appli- 
cations. 

c ,  Construction, 

(1)  Head  or  crown, 

(2)  Boss, 

(a)    Wrist  pin  housing. 


^5' 


INSTRUCTOR  ACTIVtTY 


CM  "A'*  IG  1.2,1 

•  sTnfoEfr^ABTmTy^  - 


II,H,4,a,    Refer  class  to  Auto- 
motive Mechanics,  6th  edition, 
ch.  7  (engine  construction). 


II,H.4.b,    Display  actual 
^ngine  pistons,  rings  and 
connecting  rods  and  discuss 
purpose  and  construction. 


II,H,4.a,  Refer  to 
text  as  directed. 


II.H,A,'b,  Participate 
in  class  discussion 
while  referring  to 
text/ 


II.H.4,c,    Maint'.ln  student 
interest  by  prssirrg  assorted 
engine  parf"  among  students 
during  discussion. 


II,H,4,c,  Examine 
assorted  engine  parts 
for  particular  ident- 
ifying characteristics 
as  indicated  by  the 
instructor, 

lUd 
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OUTLIME  OF  INSTRUCTION, 

> 

(3)  Skirt, 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.1 
STUDENT  ACTIVITY- 
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(A)    Ring  grooves.  • 

(5)  Ring  lands. 

(6)  Struts  (for  strength), 

(7)  Heat  da^a- 

(a)    A  narrow  groove  above 
top  ring. 

Types. 

(1)  Camground . 

,  (a)    Slightly  ell'iptical  -  as 
pdston  temperature  rises, 
,  piston  expands  and  assises 

a  round  shape. 

(2)  Slotted. 

(a)  Horizontal  slot  -  to  control 
heat  travel  from  crown  to 
skirt. 

(b)  .   Vertical  slot  -  to  permit 

expansion  without  an 
increase  in  diameter. 


5,    Piston  rings, 
a*  Purposes. 


(1)    To  provide  a  good  seal  between 
piston  and  cylinder  wall  and 
preventing  blowby. 


V 
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.  ^  CM  "A"  IG  1.2.1 

INSTRUCTOR  ACTIVITY  STUDEWT  ACTIVITY 


(2)  To  remove  exceS;sive  oil  from 
cylinder  wall'?  preventing  it  ^ 
from  entering  cylinders, 

(3)  Transmit  heat  from  pistons  to  » 
cylinder  wall, 

b«    Construction,  *  y 

(1)  Cast  iron,  ) 

(2)  Steel- 

(3)  Surface  of  rings  may  be  plated 
with  another  metal- 

(a)    Chrome- plated  to  resist 
wear  • 

Types- 

(1)  Cqmpression- 

(2)  Oil  control-  ^ 
Piston  pins  (wrist  pins) -  •  " 
a-    Purpose,                      *            ^  ^ 

(1)    Connects  upper  end  of  connecting  ^ 

rod  to  the^pistpn.  ^ 

b.  Construction, 

-iff 

(1)    Hollow  steel  pin,  surface  hardened  ^ 
to  prevent  wear-     ^       ^  '^"^J 

'    •  \  '  (U  of  51) 
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CM  "A"  IG  1.2.1 
STUDENT  ACTIVITY 


Types. 

(1)  Full  floating  pin. 

(a)  ,  Free  to  turn  in^  both  the 
connecting  rod  and  the 
piston  boss.    (Retained  by 
snap  rings  or  plugs.) 

(2)  Semi-floating  pin. 

(a)    Secured  to  the  connecting 
rod. 

(3)  Fixed  pin  (set" screw). 

(a)    Secured  to  the  piston  boss 
by  set  screws ♦ 


NOTE:    Oral  questions- 

1.  Name  the  purposes  of 
piston  rings. 

2.  What  is  the  purpose  of  a 
camground  piston?  ^ 

3.  Why  are  aluminum  pistons 
used  in  high  speed  engine?? 


Connecting  rods, 
a.  ^Purpose. 


o 

ERIC 
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II. H. 7.  Use  operational  cutaway  II .H. 7.  View  cutaway 
engine  to  demonstrate  the  '  and  participate  in 

change  of  reciprocating  motion     instructor  directed 
to  rqtary  motion  by  the  discussion, 
connecting  rod. 


{IS  of  51) 
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(1)  To  change  t>he  reciprocating 
of  the  piston  to  the  rotary 
motion  of  the  crankshaft, 

(2)  To  transfer  the  force  of 
combustion  from  the  piston 
to  the  crankshaft. 

Construction. 

(1)    Forged  from  steel  alloy  - 
designed  to  be  light-and 
strong. 


Types. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1-2,1 
STUDENT  ACTIVITY 


(1)    I-beam  design  -  used  on  all 
modem  high  speed  engines. 

(a)  Rifle  drilled  -  to  permit 
oil  to  pass  from  connect- 
ing rod  journal  to  piston 
pin;' 

8.    Conhecting  rod  bearings-" 
a.  Purpose. 

(1)  IS  support  the  enormous  loads 
transmitted  from  piston- 

(2)  To  minimize  friction  by  retain- 
ing a  sufficient  lubricating 
film- 

,    b-  Construction- 

(1)    Precision  insert  (most  common) - 
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CM  "A"  IG  1.2.1 
STUDENT  ACTIVITY 


nilTLTNE  QF  INSTRUCTION 


(a)    Typical  bearing  construction. 
1^   Steel  ba<rk  (.125  thick). 

2.  Bronze  inner  layer 
(.030  thick). 

3.  Babbit  bearing  surface 
V  (.003  thick) . 


c.  Types. 

(1)  Poured  (integral)  (made  by 
pouring  molten  babbit  or 
bearing  metal  into  bearing 
seats)  (requires  use  of  shims 
for  final  fitting). 

(2)  Precision  insert.  (Made  to  close 
tolerances,  must  be  fitted 
correctly-) 


NOTE:    Oral  questions: 


1.  What  is  the  purpose  of  a 
connecting  rod? 


2-  What  is  the  purpose  of  the 
connecting  rod  bearing? 


3,    What  is  the  advantage  of 
the  precision  type  bearing  over 
the  poured  tv^e  bearing? 


9. 


Crankshaft. 


1.1  u 
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a.  Purpose.: 


(1)    To  jchange  reciprocating 

moCion  of  piston  to  rotary 
motlion  and  handles  the 
entire  power  output* 

(a) \  6ften  regarded  as  the 

Vbdckbone"  of  the  engine. 

K. 

b*  Construct/ 

V 

(1)    Cast  ox  forged. 

Xa)    One  piecfe  heat  treated 
alloy  steeX. 

Crankshaft  throw  arrangements. 

(1)  Four  cylinder  in/ line. 

1-  A 

P  180^ 

2-  3 

(a)    180°  between  throws; 
180°  between  power 
impulses. 

(2)  Six  cylinder  in  line 
1-6 

120° 

li/  2-5-^  3-4 


ERIC.  ^  / 


INSTRUCTOR  ACTIVITY     '  a 

—  ' 

II.H.9*a.    Display  various 
crankshaft  arrangements  (4, 
6  and  8  cylinder)  to  show  and 
tell  students  throw  arrange- 
ments, counter  weight  location 
an4  frequency  of  power  impulses. 


CM  "A"  IG  1.2.1 
STUDENT  ACTIVITY 


II.H.9.a.  Observe 
crankshaft  and  part- 
icipate in  directed 
discussion. 


II.H.9.C.    Using  chalkboard 
draw  diagrams  showing  crank- 
shaft throw  arrangements  for 
4,  6  and  8  cylinder  four- 
stroke  cycle  engines. 


II.H.9.C.  Draw 
similar  diagra?i\^s  for 
future  study. 


Ii0 


OUTLINE  OF  INSTRUCTION 


1.1 
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(a)    120°  betweien  throws; 
120®  between  power 
impulses* 

(3)    Eight  cylinder  In  line* 

1-8 

90° 


6-3 


5-4 


2-7 

(a)    90°  between  throws;  90° 
between  power  Impulses. 

(4)    Eight  cylinder  V-type. 

5-8 

90° 


1-4 


1 


2-3 


6-7 

(a)    90°  between  throws* 
Counter  balances  or  counterweights* 

(1)  Used  to  dynamically  balance  the 
crankshaft* 

(2)  Located  opposite  the  crankshaft 
throw  to  counter  balance  the 
weight  of  the  crank  throw  and 
connectin^g  rod* 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2*1 
STlrt)EHT  ACTIVITY 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG 
STUDENT  ACTIVITY 


(3)    Usually  forged  integral  with 
the  crankshaft. 

a.    Torsional  vibration^  (twisting 
vibrations) . 

(1)  During  each  power  stroke  the 
1  crankshaft  is  subjected  to  a 

certain  amount  of  twist  from 
the  tremendous  load,  at  the 
end  'of  the  power  stroke  the 
shaft  untwists.    This,  twisting 
and  untwisting  of  thfe  crank- 
shaft is  called  Tor/sional 
Vibration. 

(2)  To  limit  torsional  vibrations 
a  torsional  vibration  damper 

^    is  used. 


II.H.9.e.    Show  and  explain 
operation  of  vibration  damper > 
or  harmonic  balance  using 
cutaway  damper  unit. 


(a)    Torsional  vibratidn 
dampers  (harmonic 
balance) • 


■  12 
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Usually  consist  of  a 
;small  flexible  driven 
flywheel  mounted  at  the 
opposite  end  ojNtJie>/ 
crankshaft  from  the  main 
flywheel.    The  inertia 
of  the  damper  flywheel 
will  tend  to  keep  the 
crankshaft  rotat^ing  at 
constant  speed  and  will 
thus  oppose  the  vibra- 
ting force. 
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OUTLIME  OF  INSIRPCTION 
10.  Plywhe^ 

a .    Purposes , 


b.    Weight  requirements. 

(1)    The  heavier  the  flywheel  the 
smoother  the  idle;,  speed. 

(a)    Excessively  heavy  flywheel 
will  cause  the  engine 
to  accelerate  and  decelerate 
slowly  because  of  inertia. 

1,    Heavy  duty  or  truck 

engines  use  large  heavy 
flywheels. 


ltd 


(1)  To  keep  the  variations  ^n  speed 
within  desired  limits  at  all 
loads* 

(2)  To  limit  the  instantaneous 
rise  or  fall  in  speed  during 
sudden  changes  in  load. 

(3)  To  carry  the  pistons  over  the 
comproesion  pressure  when 
running  at  low  or  Idling 
speed . 

(A)    To  help  bring  the  engine  Aip 
to,  speed  when  starting. 

(5)    Used  as  one  surface  for  >the 
clutch. 


INSTRUCTOR  ACTIVITY 


CM  "A'"  IG  1.2.1 
STUDENT  ACTIVITy 


I I. H. 10. a.  Explain  operation 
of  flywheel. 
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2,    Racing  car  or  high 
speed  engines  use 
light  flywheels. 


11.    Main  bearings, 
a.  Purposes. 


(1)  To  support  the  qr^nkshaft 
against  the  enormous  loads 
imposed  by  the  power  impulses 
in  the  cylinder. 

(2)  To  minimize  friction  by 
retaining  a  sufficient  lub- 
ricating film. 

b.  Construction. 

(1)    Same  as  connecting  rod  bearings, 
but  usually  considerably 
larger  in  area*  to  provide 
greater  load  carrying  capacity. 
•J 

c.  Types. 

(1)  Same  material  as  connecting  rod 
bearings. 

(2)  Thrust  bearings  -  take  up  end 
play  in,  crankshaf  t . 

•1'2.    Valves  and  seats. 


^5" 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1,2.1 
STUDENT  ACTIVITY 


II. H. 11. a.    Explain  purpose  'and 
construction  of  main  bearings* 
Maintain  class  interest  by 
passing  out  main  bearing  com- 
ponents for  students  to  examine. 


II, H. 11. a.  Examine 
main  beerings  as 
dir:ected  by  instructor, 
discussing  construction 
and  purpose. 


12o 
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(1)    To  permit  air  and  fuel 

mixture  ttr  enter  the  cylinder 
and  to  provide  an  escape 
for  exhaust  gases. 


INSTRUCTOR  ACTIVITY  *  ^ 

II. H.  12. a.    Refer,  students  to 
Automotive  Mechanics,  6th 
edition,  chapter  8  -  Valves 
and  Valve  Trains.    Point  out 
to  class  valve  system  purposes, 
construction  and  operation; 


CM  "A"  IG  1.2.1 
STIIDEHT  ACTIVITY 

II.H.12.a.    Refer  to 
text  as  directed  by 
instructor. 


Construction.  ^ 

(1)  Intake  valves. 

(a)    Chromium  nickel  alloy. 

(2)  Exhaust  valves. 

(a5    Sllichrome  alloy. 

1^    Sodium  cooled  exhaust 
valves  have  a  hollow 
stem.    Under  heat 
sodium  becomes  a  liquid 
and  will  transfer  heat 
^om  valve  head  to  valve 
stem,  there  the  heat 
is  transferred  to  the 
valve  guides. 

(3)  Valve  face  and  valve  seat  angle 
usually  45°  or  30°. 

(a)    These  angles  reduce  carbon 

accumulation  most  effectively. 


'  (4)    Valve  seat. 
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CM  "A"  IG  1-2.1 
STUDENT  ACTIVITY 


(a)    Valve  seat  Inserts  used  on 
exhaust  of  most  modern  high 
output  engines » 

c.    Types  of  valves.  ^ 

(1)  Poppet. 

(a)  Mushroom  head. 

(b)  Tulip  head. 
13 •    Valve  operating  mechanisms. 

a.    For  L-head  engine. 

(1)  Camshaft. 

(a)    Cam  lobe.^ 

(2)  Valve  liftei?  or  tappet.  ' 

(a)  Valve  tappet  guide. 

(b)  Valve  stem  to  tappet  adjust- 
ing screw  and  locknut. 

(3)  Valve  (intake  and  exhaust) • 

(a)  Valve  spring. 

(b)  Valve  spring  retainer  and 
lock. 


12j 


(c)    Valve  guide. 
(4)    Valve  seat. 
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b.    For  valve  in**head  engine. 

(1)  Camshaft. 

(a)    Cam  lobe. 

(2)  Valve  lifter. 

(3)  Push  rod. 

(4)  Rocker  arm  shaft. 

(5)  Rocker  arm. 

(a)    Valve  adjusting  screw  and 
locknut. 

(6)  Valve  (intake  and  exhaust). 

(a)  Spring. 

(b)  Valve  spring  retainer  and 
lock. 

(7)  Valve  guide. 

(8)  Valve  seat. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.1 
^TUDEHT  ACTIVITY 


NOTE:    Oral  questions: 

1.  vniat  are  the  buddy  t^.rows 
for  a  6  cylinder  4  stroke  cycle 
crankshaft? 

2.  What  Is  the  purpose  of  the 
crankshaft  vibration  damper? 


13^ 
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Gasoline  engine 'fuel  system. 


1.    Purpose  of  gasoline  engine  fuel  ^ 
system. 

a.  Stores  and  delivers  fuel. 

b.  Varies  fuel/air  ratio  as  required. 

(1)  Ideal  air/fuel  ratio 
required  by  engine  is  15  to  1 
by  weight . 

(2)  HIGH  air  to  fuel  ratio  -  . 
»              *lean  mixture. 

(3)  LOW  air  to  fuel  ratio  - 
rich  mixture. 

2.    Components  of  gasoline,  engine  fuel 
*  system.  ^ 


i 
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TNSTRUCTOR  ACTIVITY 

3.  What  is  the  common  name  / 
of  bearings  ths^t  support  the 
crankshaft? 

4.  What  is  the- main  purpose 
of  the  flywheel? 

5.  The  valve  face  and  seat 

is  usually  ground  at  what  angle? 

II. I.    Show  movie,  MA-88,86, 
"Carburetor  Principles  of 
Operation"  (25min.). 

Discuss  high  points  of  movie 


II. I. 1.  Refer  to  CM  "A"  IS 
1.2.1.1. 


CM  "A"  IG  1.2.1 
BTITDRNT  ACTIVITY 


'9? 


H,I.  View  movie  and 
take  notes. 


Participfiite  in 
directed  discussion 

ri.I-1.  Participate 
discussion,  view  fuel 
system  parts  as  passe 
out  by  instructor. 


II .  1 . 2 .    Using  training  slides 
disoass  gasoline  engine  fuel       |  j 
system;  use  actual  fuel  system  ^ 
paiU^s'to  maintain  student 
interest. 
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a. 


Fuel  tank  -  fuel  storage. 


b.  Fuel  filters  -  removes  solids 
and  collects  water. 

c.  Fuel  pump  -  delivers  fuel  to 
carburetor. 

d.  'Carburetor  -  meters/ atomizes  and 

vaporizes  fuel-air  mixture. 

e.  Intake  manifold  -  distributes 
fuel/air  to  cylinders. 

f.  Fu^l  lines  -  transports  fuels.  ^ 
Cl\aracteristics  of  ^gasoline. 

a.    Volatility.  ^ 

^(1)    Refers  to  the  ease  with  which 
a  liquid  vaporizes. 

(2)    Provide  good  operating  charact- 
eristics. 

(a)    Ease  of  starting. 
^  (b)    Freedom  from  vapor  lock. 

(c)  Quick  warmop. 

(d)  Smooth  acceleration. 

(e)  Good  economy. 

ft 

(f)  Freedom  from  crankcase 
dilution. 


INSTRUCTOR/ACTIVITY 

II.I.2.    Have  class  refer  to 
Automotive  Mechanics,  6th 
edition,  chapters  9  and  10, 
to  view  illustrations  show- 
ing fuel  system  parts  and 
function. 


ERIC 
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CM  "A"  IG  1.2.1 
STMMPiT  ACTIVITT 

II. I. 2.  Refer  to  text 
as  directed. 


V 


OmiHE  OF  INSTRUCTION 

'  T 

Purity. 


INSTRUCTOR  ACTIVITY 


(r)    Impurities  removed  during 
refining* 

c.    Anti-knock  quality. 

(1)  Smooth  burning  process  or  a 
fuel*s  ability  to  resist 
detonation.  • 

(2)  The  tendency  toward  detonation 


16  i 


is  overcome  by  the  addition  to 
the  fuel  of  such  compounds  as 
tetraethyl  lead. 

4.  Carburetion. 

a.  The  mixing  of  the  gasoline  fuel  with 
air  so  that  a  combustible  mixture  i^ 
obtained* 

b.  Evaporation  (vaporization) 

(1)    The  term  used  to  describe  the 
action  that  takes  place  when  a 
liquid  changes  to  a  vapor.  ^ 

c.  Atomization* 

(1)    The  breaking  up  of ^the  fuel 
"into  a  fine  spray  consisting 
of  tiny  droplets  qf  gasoline. 

(a)    This  .exposes  a  large 

surface  to  air  for  rapid 
vaporization. 


CM  "A"  IG  1.2.1 
STUDENT  ACTIVITY 
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d.    Venturl  effect. 


INSTRUCTORACTIVITY. 


CM  "A"  IG  1.2.1 
STUDEtn  ACTIVITY 


(1)    Hour  glass  shape,  create^J  low 
pressure  area. 

-\X)    Atmospheric  pressure  forces 
fuel  from  float  bowl. 

(a)    Air  speed  increases  and 
pressure  decreases. 


"T 


lldes 


11^1.5.    Using  training  a 
discuss  carburetor  circuits. 


5,    Carburetor  and  circuits.  ^ 
a.  *  Float  circuit. 

(1)    Controls  fuel  level  in  float 
bowl. 

(a)  '  High  fuel  level  causes:  , 

^  1^   Rich  mixture. 

2.    Fuel  too  near  end  of 
discharge  nozzle. 

(b)  Low  fuel  level  causes; 
1.    Lean  mixture. 

(2)    Contains  the  following  parts. 

(a)  Needle  valve  and  seat. 

(b)  Float  bowl* 

*  "I  * 

(c)  Float. 

(d)  Float  bowl  vent  (external 
or  internal) . 


140 
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*     OUTLINE  OP  IWSTRUCTIOH  _ 

b.    Idle  or  low  speed  circuit. 

(1)  Delivers  fuel  at  low  engine  speeds 

(a)    While  Idling  at  speeds  up 
to  20  MPH  (approximately) . 

(2)  Operation* 

(a)    Low  pressure  area  created  by 
 intake  stroke.  - 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1-2 
STUDENT  ACTIVITY 


.93 


V4, 


(b)  Atmospheric  presisurec  forces 
fuel  through  low  speed 
circuit. 

(c)  Delivers  fuel  below  throttle 
valve.  A> 

(3)    Basic  parts /6f  circuit. 

(a)  Passage  from  float  bowl. 

(b)  Low  speed  jet.  ^ 

(c)  Economizer. 

(d)  .    Idle  port. 

(e)  Idle  adjusting  screw. 

High  speed,  part  load  (circuit). 

(1)    Supplies'^uel  during  change  ^rora 
low  speed  circuit  to  high  speed 
circuit. 


14^ 
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CM 

RTIIDENT  ACTIVITY 


(^)    During  operation,  the  lowest 
pressure  poin.t  changes  from 
idle  port  to  opening  of  high 
speed  nozzle. 

(3)    Basic  parts  of  circuit, 
(a)  Venturi. 


Si 


(b)    High  speed  nozzle. 


 —  (c^ — Passant!  Ii'om  float  bowl.  

d.    High  speed  "full  power  (circuit). 

(1)  Supplies  fuel  at  speeds  higher 
than  20  MPH. 

(2)  During  operation,  lowest  pressure  . 
point  will  be  at  the  high  speed  ^ 
nozzle. 

(3)  Basic  parts  of  circuit, 
(a)  3^enturi. 

*(b)    High  speed  nozzle, 
(c)    Metering  rod  and  j^t. 

(4)  Types  of  high  speed  full  power 
circuits. 

(a)  ■  Mechanically  operated. 

(b)  Vacuum  operated. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG 
STUDENT  ACTIVITY 


.2.1  7J) 


(c)    Combination  mechanical 
and  vacuiim,  \ 

NOTE:    These  circuits  allow  additional 
fuel  to  flow  at  high  speed. 

e.    Accelerator  pump  circuit, 

(1)  Supplies  additional  fuel  during 
rapid  acceleration. 

(2)  Mechanically  operated  pump. 


(a)    Linked  to  accelerator  pedal, 

1,    Does  not  depend  on 
•    atmospheric  pressure. 


(3) 


f. 


14-0 


Basic  parts  of  system.  • 

(a)  Pump.' 

(b)  Inlet  check  valve. 

(c)  Discharge  check  valve. 

(d)  Jet. 

Choke  circuit.  *  ♦ 

(1)  Provides  rich  mixture  >or  Start- 
ing cold  engine  during 

warm  up. 

* 

(2)  Reduces  open.irig  through  air  horn, 
creating  a  lower  than  atmospheric 
pressure  at  main  nozzle. 


ERIC 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  i.2.1 
STUDEMT  ACTIVnn^ 


(3)    Basic  parts. 

(a)  Choke  valve. 

(b)  Choke  valve  shaft. 

(c)  Automatic  or  manual  control. 


NOTE:    Itave  students  trace  fuel  NOTE:    Trace  fuel  flov 

flow  through  carburetor  circuits,  through  carburetor 

explaining  carburetor  principles  while  identifying 

identifying  circuits  and  major,  circuits  and  major 


part».  

II  ..1.6.  Follow 
instructor  discussion 
and  take  notes. 


6.    Fuel  pump. 

a.    Diaphragm  non-positive  displace- 
ment type  (mechanical  and 
electrical) . 

(1)  Transfers  fuel  from  tank  to 
carburetors.  ^ 

(2)  Construction  and  operation. 

(a)  Rocker  arm. 

4. 

(b)  Diaphragm. 

(c)  .  Diaphragm  spring. 

(d)  Inlet  valve. 

(e)  Outlet  valve. 

(f)  Fuel  passages  and  chamber. 


parts. 

II. I. 6.  Using  training  slides 
discuss  fuel  pump  construction 
and  operation. 


(3)    Inift  stroke. 
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outline'  of  instruction 


(a)  Inlet  valve  opens,  dis- 
charge closes. , 

(b)  Creates  low  pressure  area 
in  pump  chamber,. 

(c)  Atmospheric  pressure 
forces  fuel  into  pump. 


TNSTRUCTOR  ACTIVITY 


S7 


CM\'^A"  IG  1.2.1 
STUDENT  ACTIVITY 


—  (4)    Return  stroke-;         ■  — 

*  (a)    Diaphragm  spring  tension 
moves  diaphragm. 

(b)  Forces  fuel,  to  carburetor. 

(c)  Only  delivers  fuel  when 
needle  valve  is  off  of 
seat . 

(5)    Fuel  filter- 

(a)    On  pumps  with  fuel  filter 
service  the  same  as  any 
other  fuel  filter. 

7^   Air  cleaners  (types,  function  and 
servicing) . • 

a.    Oil  wdtted'  type. 

(1)    Copper  mesh  screen  wetted 
with  engine  oil. filters  in- 
coming air  to  carburetor. 

  (a)    Clean  periodically  in. 

solvent  and  re-oil. 


14  J 
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J      (2)    Oil  bath  '^.ype. 


II. 1. 7.,  .Refer  to  Automotive? 
Mechanics,  6th  edition,  ch- 
9  and  20,  for  illustratio- d 
showing  air  cleanet  types, 
function  and  servicing. 


J 


11.1.7.    Refer  to  text 
and  follow n/iscuSsion 
by  instructor. 
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OUTLIHE  OF  INSTRUCTtOH  '  '  INSTRUCTQR  ACTIVITY.  STUDKHT  ACTIVITY 

 '  '  ^ 

(a)    Reverses  incoming  air 

flow  causing  heavy  particles 
of  dust  and  other  contam- 
^    ■  inants  to  strike  the  oil 

bath. 

1_^   Wash  in  solvent  period- 
icially  and  replace  oil 
with  clean, engine  oil. 

(3)    Paper  element  type.  ^ 

(a)    Filters  air  through  micro- 
scopic pores. 

Change  as  manufacturer 
recomznepds  • 

(A)    Polyurethane  type., 

(a)    Polyurephane  element  is  • 
supported  on  a  wire  frame 

and  i'S  a  highly  efficient  *  * 

filter. 

1^    Remove  as  prescribed  by      .  '  • 

^j,^i*f«*niianufacturer  and  wash 

in  solvent  then  dip  in  * 

oil,  ring  out,  then 
'       re-install  in  filter 
^  housing. 

»  ~  .        *^  , 

*  8'     Intake  manifolds,  function  and  construe-""  II-I.8.    Usln^  actual  manifolds    II. 1.8. *  Observing 

^^^^        *  discuss  function  and  construe-     manifolds,  participate 

tion  in  accomplishing  the  intake  in  directed  discussion, 
^  .  ^  of  fuel  air  mixture  and  .the 

exhausting  of  burned  gases. 

iDl  (35  of  51)  ^ 


OmiMg  OF  IHSTRUCTION 
/  a.  Purpose. 


INSTRUCTOR  ACTIVITY 


(1)  To  direct  the  fuel  and  air 
mixture* to  the  cylinders. 

(2)  ConiBtruction. 

\      (a)    Straight  and  smooth  as 
■  possible  to  reduce  chances 

of  condensation  and  reduce 
friction.  ' 

(b>    Heat  control  valve. 

1,    To  help  promote  better 
vaporization  of  the  fuel 
by  directing  exhaust 
gases  through  a  passage 
in  the  intake  manifold 
thereby  heating  the  base 
of  the  carburetor. 

r  i 

9.    Exhaust  manifold,  function  and  construc- 
tion. 

a.  Purpose. 


(1)    To  carry  exhaust  gases  away 
from  the  cylinders. 

b.  Construction. 

(1)    Usually  cast  iron-free  of 
unnecessary  bends. 


10.    Muff^-er  function.' 
a.  Function. 


II. 1. 9.    Have  class  refer  to 
Automotive  Mechanics,  6th 
edition,  pp.  107  -  108  to 
study  illustrations  of 
intake  and  exhaust  systems. 


CM  "A"  IG  1.2.1 
STUDENT  /TCTIVITY 


^9 


II. 1. 9.    Refer  to 
text  illustrations  as 
directed  by  instructor, 


1d4 
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OUTLINE  OP  IMSTRUCTION 


ER?C  lt)u  ■ 


(1)    Reduces  noise  by  cooling 
exhaust  gases* 

(2i    Arrest  flames  and  sparks. 


INSTRUCTOR  ACTIVITY 
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STUDENT  tj. 


1.2.1 

nviTY 


NOTE:    Oral  questions: 

1.    What  are  the  two  (2) 
main  purposes  of  the  gasoline 
engine  fuel  system? 


2..  What  are  the  two  (2) 
changes  that  affect  air  as  it 
passes  through  a  venturi? 

3.  Which  circuit  of  the 
..^carburetor  controls  the  flow 

\)f  gasoline  from  the  fuel 
pump? 

4.  Ifi  the  fuel  pump,  what 
operates  the  diaphragm  on 
the  return  stroke? 

5.  What  affect  would  a  clogged 
air  cleaner  have  on  engine 
performance? 

6.  Which  part  of  the  fuel 
system  directs  the  fuel-aJ^ 
mixture  to  the  engine  cy^xnders? 

7.  Give  the  two'  \i)  functions 
of  the  muffl'ii:. 


of  51)  '  1^^ 


OUTUNK  OF  IHSTRUCTION 

J,    Engine  cooling  systems. 


1.  Purpose. 

a.  Maintain  efficient  engine 
operating  temperature  at  all 
engine  speeds  and  all  driving 

^conditions. 

b.  Need  for  cooling. 

(1)    Combustion  temperatures  as 
high  as  4500°F. 

(a)  Oil  breakdown. 

(b)  Damage  to  metal. 
2\  '  Function  and  construction. 

a.    Types  of  cooling  systems.  ^ 

^  (1)    Forced  circulation. 

(a)    Opeii  -cooling  system. 

1.    Marine  cboli'n^^here 
lake  or  ocean  wajjer  is 
circulated  through  ^ 
1      '    .  ^  the  engine  cooling 

system. 
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INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

II. J.    ExpJ.'kin  that  the  cooling    II. J.    Take  notes. 

of  an  engine  is  a  controlled 

process  of  getting  rid  of  the 

excess  heat  of  combustion. 

Explain  how  the  temperature  is 

regulated  to  provide  maximum 

engine  efficiency. 

II. J. 1.  Show  movie,  "Cooling  IIlJ.l.  View  movie. 
System",  Ethyl  Corp.  (20  min.). 

Refer  to  CM  "A"  IS  1.2.1.1.  Follow  Instructor 

lecture  referring  to 
Review  high  points  of  movie.         CM  "A"  IS  1.2.1.1. 


II. J. 2.    Have  class  refer  to 
Automotive  Mechanics,  6th 
edition,  ch.  12  to  view 
illustrations  showing  cooling 
system  function  and  construc- 
tion. 


II. J. 2.  Refer  to  text 
as  directed. 


1dc5 
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(b)    Closed  cooling  system. 

1,    Radiator  employed  on 
autos,  buses,  trucks, 
tractors,  etc* 

2^   Heat  exchanger  -  used 
on  marine  equipment  - 
sea  water  is  used  to 
cool  fresh  water  in 
cooling  system. 

b.    Types  of  coolants. 

(1)  Water. 

(a)  Additives. 

Rust  inhibitor. 
2.  Anti-freeze. 

(2)  Permanent  coolant.  * 

(a)    Factory  installed. 

3.    Associated  parts  for  typical  automotive 
cooling  system. 

a.  Radiator. 

(1)    Tubular  type. 

(a)    Vertical  tubes  for  coolant 
flow.  V 


INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 


erJc 
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Horizontal  fins  for  heat 
transfer  from  tubes  to 
cooling  air. 

i    Honeycomb  type  (cellular) . 

(a)    Harrow  water  passagea^ 
^     .  formed  by  pairs  of  thin 
metal  ribbons. 

Passages  are  separated  by 
air  ?Ls  also  constructed 
of  metal  ribbon. 

Pressure  caps. 

(1)  Purpose. 

(a)    permit  build  up  of  pressure 
in  cooling  system  to 
Increase  boiling  point  of 
coolant. 

1     Each  pound  built  up 
^   raises  boiling  point 
about  3  1/4°F. 

Blow  off  valve  permits 
relief  of  excess  pres 
.  sure . 

Vacuum  valve  admits 
air  to  enter  cooling 
system  while  engine 
cools . 


2. 


c. 


Fan  and  shroud, 


o 
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^  nilTLIHE  OF  IMSTRUCriON 

(1)  Fan  (two  to  eight  blades). 

(a)    Draws  or  blows  air 
through  radiator. 

(2)  Shroud. 

(a)    Assures  Chat  all  air 

moved  by  the  fan  passes 
through  radiator. 

d.  Thermostat. 

(1)    Temperature  Sensitive  valve. 

(a)  Placed  Inside  Water 
outlet  of  cylinder  block. 

(b)  Regulates  coolant  temperature. 

(c)  With  the  thermostat  closed, 
the  water  circulates 
entirely  within  the  engine 
block  thus  warming  up  more 
rapidly. 

(d)  When  the  water  becomes  warm 
enough  to'  open  the  thermo- 
stat, the  water  circulates 
through  it  into  the  radiator 
and  thus  normal  cooling 
action  is  obtained. 

e.    Water  jackets. 

(1)  -  Construction. 

(a)    Usually  cast  into  the 
engine  block  and  head. 

^         (41  oi  51) 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUPgNr  ACTIVITY 

f.  Temperature  gauge. 

(1)  Purpose. 

(a)    Warns  operator  of  abnormal  *  .  * 

temperature  rise. 

(2)  Types,  i 

\  *    t    ,  ,         ■  V 

(a)  Electricari; 

<^  ^ 

(b)  Pressure  (do  not  bend  or  '  *  ^ 
kink  pressure  line)  ♦                                             *  . 

g.  Water  pump.  ,        *  • 

(1)  Forces  coolant  from  radiator 

outlet  hose  through  engine  ^  \ 

block.  '  , 

(2)  Causes  cooling  System  fluids  to 

circulate  within  the  system.  -  ,  , 

^  ^  -  (a)    Usually  a  centrifugal  ,  v  -  j 

non-positive  displacement  .         '  '  ^  . 

type  pump.  *  .         ^  .  «-  ^  <  *  ^ 


i\.  *  Air  cooling  systems. 
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Alr  cdoling  of  a  rex;iprocating  ^'  '  ^ 

piston  engine  as  used  in  an 

automobilg  requires  constant  cir-  ^ 
culati6n  of  large  quantities  of  air.  -f- O  O 

.(1)    Fan  of  generous  size  directs  air 
over  tapered  radiation  fins, 
which  are  patt  of  or  attached  to 
the  cylinder  head  and  t^all?. 

".    (42  of  51)" 
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(2)  Some  snail  air  cooled  engines 
depend  entirely  upon  moveoent 
for  air  flow. 


f 


Engine  lubricating  systems: 

1,    Purpose,,  ^ 

a.    Lubricate  moving  mparts j 


lb/ 
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STUDENT  ACTIVITY 


NOTE:    Use  cutaway  engine  and 
actual  cooling  system  compon- 
ents »  have  students  trace 
coolant  flow  through  system 
while  Identifying  parts. 


NOTE:  Trace  flow  of 
coolant  and  Identify 
parts. 


NOTE:    Oral  questions: 

1.    What  are  the  two  (2) 
of  forced  circulation 
cooling  systems? 


types 


2.  What  two  (2)  functions  are 
accomplished  by  using  additives 
in  the  cooling  system? 

3.  Which  device  in  the  cooling 
system  raises^  the  boiling  point 
of  the  coolant? 

4.  ^  Which  device  regulates 
cool<ant  temperature? 

5.  What  type  cooling  system  . 
makes  extenlslve  use  of  cooling- 
fins? 


II.K.l.    Using  training  slides     II.K.l.  Participate 
and  cutr*way  engine  with  assort-    in  discussion  and  take 
ed  engine  parts »  discuss  ^engine    notes • 
lubricating  system  function » 
construction  and  operation. 
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TM<:ToiirTnR  ACTIVITY                       STUDEHT  ACTIVITY 
OUTLIMK  OF  IHSTRUCTION  INSTRUCTOR  ACrxviiX         _   ^ 

(1)  To  minimize  wear.  ^ 

(2)  To  minimize  power  loss  from 
friction. 

(3)  Prevents  metal  to  metal 
contact . 


Remove  heat  by  acting  as  a  coolant. 

c.  Absorb' shock  between  bearings. 

d.  Form  seal  between  cylinder  walls 
and  pistOA  rings. 

e.  Assist  in  keeping  engine  clean. 
(1)  Detergent. 

2.    Lubricant  properties. 

a.    Refined  from  crude  oil. 
(1)  Additives. 

(a)  Counteract  oxidation. 

1,    Resiet  metal  deter- 
'ioration. 

(b)  Cleaning  of  engine 
components. 

^   ,  1^   Removal  of  carbon  and 

lb  J  varnish  from  engine  parts. 
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OmPC  OF  INSTRUCTIOH 

(c)    Antl-foamlng  agents. 
3.  Viscosity. 

a.  Viscosity  refers  to  the  tendency 
of  an  oil  to  resist  flowing. 

b.  The ^higher  the  SAE  number,  the 
higher  will  be  the  viscosity  of  the 
oil. 

« 

(1)    SAE  40  has  a  higher  viscosity 
than  SAE  10. 

5    4.    Lubrication  system  compqpents,  purpose  . 
and  function. 

a.    Oil  pumps.  ^ 

(1)    Are  positive  displacement. 

*        (2)  Types. 

(a)  Gear  type. 

(b)  Rotor  type. 

(3)    Principles  of  operation. 

[       ^  (a)    Gears  or  rotors  revolve 

forcing  oil  into  pump 
cavity  and  around  gears. 

(b)    Gear  action  causes 
^  pressure  which  forces  the 

oil  around  the  outside 
of  each  gear. 

1  ^-  K  (45 
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CM  "A"  IG  1.2.1 
STUDEMT  ACTIVITY 


U.K. 3.    Explain  to  class  the 
difference  between  low  and 
high  viscosity  oils. 

1^ 


U.K. 4.    losing  training  slides  U.K. 4.    Follow  instruc 

and  cutaway  engine  and  assorted  tor  lecture  and  examine 

engine  parts  explain  function  parts  as  passed  out 

and  purpose  of  lubricating  by  Instructor, 
system  compotieats.  I 

(  - 
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Ol|TLINg  OF  IMSIRUCTION  .  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(4)    Relief  and  regulating  valve. 

(a)  Prevents  excessive  pressure.  * 

(b)  Pump  delivers  more  pressure 
than  reiquired  then  valve  ^ 
will  open  allowing  excessive* 
oil  to  return  to  oil  pan. 

b.    Oil  gauges.  « 

(1)  Pressure  gauge. 

(a)  Pressure  expansion  type.  ^ 
1.    Bourdon  tube. 

(b)  Electric  type. 

1.  Balancing  coil.  ^ 

2.  Thermostatic  blade. 

(2)  Oil  gauge. 

(a)    Bayonet  type  (dipstick). 

^      . \  jL.   Indicates  level  of  oil 

-"^       >i^.  ^   .  in-reservoit^  dpes  not  •  .  • 

indicate  cjuantity. 

c.    Oil  strainers.  1/4 
(1)    Purpose,  ^ 

^         (a)    To  remove  large  particles  of 

dirt  and  sludge  from  oil  *  ^ 

/  before  entering  pump.  ^  ^ 

ErJc  .  .  '  (^6  of  51)  ^ 
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d.    Oil  filters. 

(1)    Types  of  filters. 

(a)    By-pass  filter. 


<  ^ 
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1,    Part  of  oil  to  system 
and  part  to  filter. 

(b)'   Full  flow  filter. 

1,  All  oil  passes  through 
filter  before  entering 
system. 

a.    Employs  a  valve  to 
by-pass  filter  if 
clogged. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2a 
STUDENT  ACTIVITY 


//o 


(2)  Service. 

a 

(a)  Remove  filter  element  (at 
specified  intervals) . 

1.    Discard  if  replaceable 
type. 

(b)  « Clean  filter  housing. 

(c)  Install  new  element. 

.  jL^   Use  new  gasket^  on  cover  ^ 
(lightly  oil  gasket) . 

e.    Crankcase  ventilators. 

(1)    Breather  tube  method  (road 
draft  tube) . 
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INSTRUCTOR  ACTIVITY 


(a)    Noni^posltive  (practically 
obsolete) . 

(2)    Positive  method  (positive  crank- 
case  ventilation). 

(a)  Draws  engine  crankcase 
vapors  by  using  intake 
manifold  vacuixm.  , 

(b)  (PX.V.)  valve  mustfte 
cleaned  at  regular  intervals 
(flow  control  valve) . 


CM  ;'A"  IP  1.2.1 
STUDENT  ACTIVITY 


f.    Oil  cooler. 


(i)  Purpose. 

(a)    Acts  to  cool  the  oil  only; 
seldom  used  on  gasoline 
engines . 

Types  of  lubricating  systems. 

(1)  Splash. 

(a)    Dippers  on  connecting-  ^ 
rod  bearing  caps. 


Dippers  pick  up*oil, 
lubricating  the  connect- 
-Ing  rod  ibeajiugs  and  jj^  ^ 
splashing  oil  in  the 
form  of  a  fine  mist 
lubricating  the  following 
engine  parts. 


r 


r 
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a>    Valve  tx;aln. 

—  .     -  ..b£^  -Wrist  pins.  -   

c.    Cylinder  vails* 

d»  ^  Piston  rings. 

^1^)    Oil  pusp  provides  oil  from 
sump  to  trays. 


(2)  Pressure  feed. 

(a)    Oil  is  forced  from,  sump  to 
main  oil  gallery;  from  there 
it  lubricates  the  fqllovlng;^'^ 

1.  Main  bearings. 

2 ,  Connecting  rod  bearings. 
3>  Cam  shaft  bearings. 
4^  Wrist  pin.  . 

•  5^   Valve  train. 

6,.    Cylinder  walls  (usually 
/  ^  from  spit r holes  in 

connecting  rod) . 

(3)  Combination  splash  and  pressure 
feed. 

(a)    Depends  on  both  systems  to  " 
adequately  lubricate  engine. 
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p^cTPiirroR  ACTIVITY, 
NOTE:    Oral  questions: 

1.  Name  three  functions  of 
the  lubricating  system. 

2.  What  is  viscosity? 

3.  Describe  the  operation  of 
~a-gear  type^il  pump. 


CM  "A"  IG  1*.2.1 
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V 

A.    What  is  the  function  of 
the  pressure  relief  valve? 

5.  What  are  the  two  types,^ 
oil  filters? 

6.  '  What  is  the  purpoS^f  ' 
the  P.C.V.  valve? 


ERIC 


111.  Application. 

A     Knowledge  gained  by  the  student  in  this 
■  topic  w^ll  be  applied  throughout  the 

engine  phases  of  the  course. 
IVv_J5«tnfflary. 

'       A.    Internal  combustion  engine  principles. 
.  .  .      B.  -Faalc  components  :.nd  mechanical  principles . 
C.    Engine  operation, 
it^  D.'  Engine  types. 
*        E.    Engine  measurements.  ^ 

r     Engine  titnlfig* 
I'^i     ■       '       ,  ,  ,^50  of.  51) 
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OUTLINE  OF  IMSTRUCTION 

6.    Classification  of  engines. 

H.  Engine  construction. 

I.  Gasoline  engine  fu6l  system. 
J.    Engine  cooling  systems. 

Engine  lubricating  syst^a^  ^ 


INSTRDCTOR  ACTIVITY 


Test:  ' 

^  A.    Written  test. 

VI.    Assignment:  .  . 

A.    Read  Automotive  Electrical  Equipment,  7th 
edition,  McGraw  Hill  Book  Co.,  chapters 
1  and  2. 


VI .A.    Pass  out  Automotive 
Electrical  Equipment,  7th 
edition,  McGraw  Hillrfiook 


CM  "A"  IG  1*2.1 
STUDENT  ACTIVITy 


VI « A.    Read  assignment 
for  topic  1.2.2  as 
directed  by  instructor, J 
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^  -  '       *        NAVAL  CONSTRUCTION  TRAIUING  CENJER^  _ 

PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Topic:    Electrical  System  Principles 
Average  TimeV    18  Periods  (Cla88^)~4  INsrio^^^  (Pract)  * 
Instructional  Materials: 

A.  Texts:  ^ 

1.  Automotive  Electrical  Equipment,  7th  edition, 
McGraw-Hill  Book  Co.,  chapters  1  and  2. 

0 

2.  Automotive  Mechanics,  6th  edition,  McGraw- 
Hill  Book  Co.,  chapters  13,  14,  15  and  16. 

B.  •  References:  None. 

C.  Tools,  Equipment  and  Materials: 

/ 

1.  Major. 

a.    Ford  6  cylinder  gasoline  engine  (12  each) 

2.  Materials  (consumable), 
a. 

bV^   Charging  system  components-, 
c.    Cranking  system  components* 
»  d.    Ignition  system  components, 


Batteries. 

\ 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  disassemble,  assemble, 
tune  and  adjust^afsix  cylinder  gasottro  engine  using 
a  Ford,  240  cubic  inch  engine.    Using  appropriate 
handtools,  shop  equipment  and  materials,  he  will  \ 
accompliiah  this  task  in  accordance  with  Job  Sheets 
CM  "A"  JS  1.2.3.1  Gasoline  Engine  Disassembly,  Inspec- 
tion and  Assembly  and  CM  "A"  JS  1*2.6.1,  Gasoline 
Engine  Diagnosis  and  Adjustment.    Upon  completion  of 
assembly  and  tune-up,  the  engine  shall  perform  with 
an  ignition  timing  of  6°  B.T.C,  dwell  of  37^  to  42°, 
idle  at  550  rpm,  intake  manifold  of  18  -  21  inches, 
oil  pressure  and  coolant  temperature  in  nonnar operatin 
range • 

Enabling  Objectives:    Upon  completion  of  this  topic  * 
each  student  will  be  aljle  to  identify  by  name^ the 
following  electrical  system  components;  the  ignition 
system,  the  cranking  system,  the  charging  system,  the 
lighting  system  and  the  accessory  system  an4  explain 
the  operating  principles  of  each  system  with  100% 
accuracy.    Each  student  will  be  evaluated  on  a  contin- 
uing Basis  throughout  ^ng-'.ie  disassembly,  assembly  and 
specifically  CM  "A"  JS  1.2.6.1,  "Gasoline  Engine 
Trouble  Diagnosis  and  Adjustment". 

Criterion  Tp'it*:    Identify  by  name  all  electrical 
system^  components,  while  explaining  operating  "principle 
of  the  electrical  systems,  when  called  upon  by  the 
instructor  dujing  classroom  participation  and  shop 
' practices. 
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-  CM  "A"  IG  1.2.2 

'^l^.^^^&^^%.3n^^Jl^^^^^J  ^  — ^    ™   , Homework:    Read  Automotive  El ectrieal -Equipmeat, 

\  7th  editibn,  McGraw-Hill  Book  Co»,  chapters  1  and  2. 

1.    Films:  ,  ^ 

a.  MN-«bl6-A,  "Basic  Electricity,  The 
Electron  Theory"  (5  min.). 

b.  MR-8016-B,  "Basic  Electricity;  How  '  ^ 

Magnets  Produqe  Electricity"  (3  min.)    :   ' 


c.    MN-8594-A,  "Direct  Current  Generators, 
Theory  of  Operation''  (16  min.). 

d\    MN-859A-B,  "Direct  Current  Motors,  Theory. 

of  Operation"  (10  min.).        '  "  '  **' 

a*  • 

Slide  Films:  '  .       .  ^  ^ 


a.    Delco-Remy  35mm  8trii>  films. 


4 


(1)  9010  K  -  Introduction  to  Automotive 
Electrical  System.*, 

(2)  9011  K  V-  Delcotron  Generator  eUad  th 
Charging  Circuit. 

(3)  ,  '9020  K  -  •2a, 000  volts  Under  the  Hood 

(the  ignltioyi  circuit)  ,  ^ 

(4^    9025^k  -  The  Cranking  Circuit.  .  . 

3.  Devices: 

-a#*  NP-17  008,  *  Device  6AZ  Engine  Internal 
Combustion,  Electrically  Operated.  ^ 

A,    Chart;s:  .  -  ^  • 

^a.    Delco-Remy  Training  Charts..  ^ 
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(1)  Section  "A*'  -  Fundamentals  of  Electricity 
-    '^  '    «  ^and  Magnetism.*-       -  ^    .  k  -  ^ 

(2)  Section  "B"  -  Energizers  and  Batteries. 

(3)  SectJ^ui  "C"*^-  Cranking  Motors. 

(4)  Section  "D"  -  Ignition  System. 

~  "~         (5")^  Section  "E**^  -  GeSef ardrs  -  DC  Type^ 

(6)'    Section  "K"  -  Fundamentals  of  Delcotron 
Generators  -  AC  Type. 

5.    Locally  Prepared  Materials t 

.   a.    Information  sheets. 

(1)  CM  "A"  IS  1.2.2.1,  "Maintenanc.e  of  Lead- 
Acid  Storage  Batteries". 

(2)  CM  ''A*'  IS  1.2.2.2,  "Principled  of 
Electricity". 

(3)  CM  "A"  IS  1.2.2.3,  "Electrical  Circuits". 
Training  Aids  Equipment: 

1.  16mm  movie  projector. 

2.  '   35mm  slide  projector. 
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OUTLIHB  OP  IMSTRUCTIOit 

I*    Introduction  to  the  lesson. 

A.  Establish  contact, 
1 .    Mane : 

2-    Topic:    Electrical  System  Principles. 

B.  Establish  readiness. 

1.  Purpose. 

2.  Assignment* 

C.  Establish  effect. 

1.    Value.  ,  ^ 

a.  Pass  cQurse. 

b.  Perform  better  on< the  job. 

c.  s  Get  advanced. 

d.  >    Be  a ''better  Constructl6n  Mechanic 
Overview: 


/// 


INSTRUCTOR  ACTIVITY 


I. A*    Introduce  self  and  topic. 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


I.B.    Motivate  student. 


I,C.^  Bring  out  need  and  value 
of  material  being  presented. 


aI.D.    State  learning  objectives, 

1,    State  information,  and 
materials  necessary  to  gu  de 
student.  ^ 


V3 


ERIC 


(A  of  31) 


.OmiKB  OF  INSTSUCTION 
II.  Presentation. 

A.    Operating  principles  of  electrical 
components . 

1.    Composition  of  matter  and  elec4:ricity; 
|a.    Composition  of  matter. 

(1)  Molecule. 

(a)    The  combination  of  two 
or  more  atoms. 

4 

(2)  Atom.  , 

(a)    The  smallest  physical 
particle  into  which  an 
element  c4n  be  divided. 

(3)  Electron.  ' 

(a)    The  small  negatively 
charged  particle  which 
is  practically  weightless 

(4)  Free  electrons. 

(a)    Electrons  in  the  outer 
orbit;s  of  an  atop  whic^ 
*can  easily  be  forced* out 
of  ^ir  orbits.  ^ 

(5)  Electron  Theory. 


V3o  -  (5 


INSTRUCTOR  ACTIVI 


TYv 

orzD&tion 


II.    Pass  out  infox 
sheet  CM 
Principles  of  Electricity. 


"A''  IS  1.2.2.2, 


CM  "A"  IG  1.2.2 
STUDBHT  ACTIVITY 

II.'  Follow  instructor 
lecture  taking  nottes 
and 'referring  to 
information  sheet. 


II:A.l.  •  Teach  each  principle 
for  a  purpose,  then  apply 
the  principles  to  the  elec- 
trical system  and  related 
components  using  charts  and 
chalkboard. 
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OUtLINE  of' INSTRUCTION 


(a)    Flow  is  from  negative 
to  positive. 


2. 


b.    Electricity.  ^ 


(1)  The  effect  of  electrons  in 
moving  from  point  to  t)oint. 

(2)  Gathering  of  electrons  is 
called  a  charge  of  electricity. 


r 


(3)    Definition  of  circUits. 

(a)  Complete  or  closed. 

(b)  Open. 

(c)  Short. 

(d)  'Grounded^ 

c.  ^Three  types  of  circuits. 

•  (1)    -Series  -  one  path  for 
«   current  to  flow. 

(2)  Parallel  -  two  or  more  paths 
for  current  to  flow. 

(3)  Series  -  parallel  -  combination 
of  the  two.  . 

Amperage  and  voltage. 

a.  Amperage. 


INSTRUCTOR  ACTIVITY 


II.A.l.b.    Instructor . 
demonstrate  and  explain 
^  closed,  open,  short  and 
grQunded  circuits  using 
chalkboard  and  charts.* 


II. A. I.e.    Using  chart  ^nd^ 
chalkboard,  explain  and  demon- 
strate the  three  (3)  types 
of  circuits. 


II7A.2.    Using  chart  and 
chalkboard,  explain  amperage, 
voltage  ^  resistance  and 
magnetism. 


CM  "A"  tG  1.2V2 
STUDENT  ACTIVITY 


II.A.l.b.'  Follow 
instructor  lecture 
taking  notes  and 
referring  to  informatic 
sheet. ' 


II. A. I.e.  Draw- 
diagrams  of  three  (3) 
types  of  circuits. 


II. A. 2.  Participate 
in  instruction 
and  take  notes. 
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ERIC 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


(I)    Measure  of  current  (electron) 
flow. 

b.    Voltage.  , 

(1)    Measure  of  pressure  used  to 
move  electrons. 

3.  Resistance. 

a.  '  Measure  of  opposition  to  flow  of 

(electrons)  current. 

b.  Conductors  and  Insulators. 

(1)  Conductors. 

(a)    Path  for  flow  of  (electrons) 
current . 

(2)  Insulators. 

(a)    Prevents  flow  of  (electrons) 
current.  ^ 

c-    Effected  by. 

(1)  Length  of  conductor. 

(2)  Size  of  conductor, 

(3)  Temperature,  ,  • 
'               Material  of  conductor, 

A.  Magnetism. 


CM  "A"  IG  1.2,2 
STUDENT  ACTIVITY 


II, A. 4,    Using  battery,  coll  of  II, A. 4,  Participate 

wire,  iron  core  and  iron  in  demonstration  and  • 

filings,  demonstrate  electro^  take  notes.  * 
magnetic  principles. 
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OUTLINE  OF  INSTRUCTION 

a.    Magnetic  field, 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


ERIC 


(1)    Magnetic  lines  of  force 
surround  magnet, 

(a)  Pass  from  north  pole  to 
south  pole. 

(b)  Never  cross. 

(c)  Cannot  be  insulated* 

b.  Effect  between  magnetic  poles  (lavs). 

(1)  Unlike  attract. 

(2)  Like  repel. 

c.  EXectromagnetism. 

(1)  Flow  of  current  produces 
magnetic  field. 

(2)  Qpil -Pf  wire  f^rms  electromagnet. 

(3)  North  pole  determined  by  left 
hand  rule. 

(a)    Left  hand  held  around  coil, 
fihgers  pointing-  in  direc- 
tion of  current  flow,  thumb 
points  to  north  pole. 

(4)  Strength  of  electromagnet. 

(a)    Increased  by  wrapping  coil 
f      around  iron  core. 

'   1^    Core  passes  lines  of 

force  better  than  air.  . 
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OUTLINE  OF-  IMSTRUCTIOM     '  .       '  -  ' 

d.    Electromagnetic  induction. 

(1)    Current  will  be  induced  to 
flow  in  conductor  passed 
through  a  magnetic  field. 

(a)    Same  effect  if  magnetic 
field  is  moved. 

1*    Relative  motion. 

'  ^   Conductor  moves, 
magnetic  field 
7  stationary. 

b*    Magnetic  field 
moves  conductor 
r'emains  stationary. - 

c.    Current  flow  turned 
*  on  and  off  causing 
"  "  magnetic  field  to 

T)uild  up  and 
collapse. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


II.A.4.d,»  Using  a  galvanometer,  II.A.A.d.  Participate 

a  permanent  magnet,  and  coil  in  demonstration  and  * 

of  wire,  demonstrate  indue-  take  notes, 
tion  of  current. 


NOTE:'    Oral  questions: 

1.  What  is  electricity? 

2.  What  is  an  open  circui*  ? 

3.  Name  the  three  (3)  types 
of  circuits. 

4.  Describe  amperage. 

5.  What  is  voltage? 
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OUTLIME  Qg  IHSXRUCTION 


5.    Storage  battery, 
a.  Construction. 


CM  "A*'  IG  1.2.2 
STUDENT  ACTIVITY 


6.  What  Is  the  difference 
between  a  conductor  and 

an  Insulator? 

7.  Describe  a  magnetic 
tleld.        '  ■ 

8-.    What  are  the  two  (2) 
laws  that  govern  ^ 
m^ignetlc  poles?  ^ 

.  9.    How  would  you  Increase 
the  strength  of  an 
electr;6magnet? 

10.    What  Is  the  resui^  when 
a  magnetic  field  is 
passed  through  a  conductor? 

NOTE:    Show  movies: 

1.  MN-SOie-A,  "Basic 
Electricity,  The  Electron 
Theory"  (5  mino- 
rs 

2.  MN-8016-B,  "Basic 
necttlclty,  How  Magnets 
Produce  Electricity"  (3  min.). 


1.  Observe  movies 
and  take  notes*  ^ 


c  ■ 


NOTE:  Review  and  discus^  high 
'points* of  movie. 


Participate  In 
discussion. 


II. A. 5.    Use  Delco-Remy  chart 
Section  "B"  -  Energlzers  and 
Batteries  to  sihow  battery 
cons  Auction  and  explain 
function. 
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.OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


(1)    Th'ree  or  more  cells  connected 
iiijSeries. 

(a)  /Three  cells  =»  6  volts* 

2 Six  cell  «  12  volts, 
tes. 

(a)    Cell,  consists  of: 

*1.    Positive  plates  (brown 
lead  peroxide) • 

*-\» 

"      2^  Negative  plates  (gray 
spongy  lead) « 

3.    Assembly  of  positive  and 
negative  groups  with  the 
separators  are  called 
an  element. 


(3)    Separators.  . 

(a)  Prevents  short  circuits"^ 
between  plates.^- 

(b)  Made  of  'Wood,  porous 
rubber  or  spun*^glassi 

(c)  f    Inserted  between  plates. 

1.    Wopd  separators  are 
not  used  in  dry 
charged  batteries. 


II.A.S^iia.  (3)    Pass  out 
components  of  cutaway  battery 
to  show  battery  construction. 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


JI . A . 5 . a . (3)  Partlcipa 
in  class  discussion  of 
battery  construction 
and  function  while 
observing  details  on 
charts  and  viewing 
actual  battery  com- 
ponents. 


20j 
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QUTLIHE  OF  THSTRUCTION 

(4)    Cell  connectors- 


TNRTRUCTOR  ACTIVITY 


CM  "A''  IG  1.2-2 
STUDEHT  ACTIVITY 


(a)  Connects  cells  of  battery 
»  together  in  series. 

(b)  Must  be  heavy  to  carry 
high  current  required 
during  starting.  • 

(5)  Terminal  posts. 

(a)    Special  design  -  tapered  to 
specified  dimensions  (on 
most  batteries)". 

1.  Positive  terminal. 
^  Largest  post. 

2.  Negative  terminal, 
^a.    Smallest  post. 

(6)  '   Cell  cover; 

(a)  .Prevents  dirt  and  other 

foreign  material  from 
Entering  cell. 

(b)  Vent  plugs. ^ 

1_^   To  allow  gases 
formed  in  battery 
to  escape. 


II. A. 5. a.  (6)    Pass  out  CA  ''k'' 
IS  1.2.2.1,  "MaJntenance  of 
Lead-Acid  Storage  Batteries". 


II. A. 5. a. (6)  Scan 
Information  Sheet  and 
retain  for  use  later 
in  course. 


20/ 


ERIC 
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OUTLINE  OF  IMSTRUCTION 

(7)    Case  (container) . 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


(a)    UsuaHy  one  piece  molded 
type.  V 

(8)    Electrolyte. ^ 

(a)  Sulfuric  acid  and  distilled 
water. 

(b)  Specific  gravity  readings. 

1^   1.260  -  1.290  fully 
»  charged  battery. 

2^   1.230-1.260  about 
three  fourths  charged. 

% 

1.200-1.230  about  half 
charged. 

'1.170  -  1.140  dischargeid. 
-    (9)    Principles  of  operation. 

(a)  Discharge  of  battery. 

1,    Current  flow  from  battery 
^  causes  sulfuric  acid  to 

pass  from  the  electrolyte 
'  to  the  plates. 

(b)  '  Charge *of  battery. 


ERIC 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  \.2.1 
STUDENT  ACTIVITY 


1«    Direct  current  source 
connected  to  battery 
terminals- 

a.    Current  flow  causes 
sulfuric  acid  to  move 
from  plates  into  the 
electrolyte. 

\ 

(c)    Charging  battery. 

1.    Constant -current  method. 

a.    Steady  flow  of 

current  (amperage)** 
Usual  rate  one  ampere 
per  positive  plate 
of  the  smallest  cell. 


'2ii 


6 •    Cranking  *  sy s  tem . 


ERIC 


NOTE:    Oral  questions: 

1.  ,  Each  cell  of  a  battery 
is  capable  of  producing  how 
many  volts? 

2.  Of  the  tvo  terminal  posts 
on  a  storage  battery , 

which  one  is  the  largest? 

3.  A  fully  charged  battery 
would  have  a  specific 
gravity  reading  of  approx- 
imately - 

II.A.6.  Show  movie  MN-8594-B, 
"Direct  Current  Motors,  Theory 
of  Operation".  (lOmin.). 
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1  •    Two . 


2.  Positive. 


3.    1.260  -  1.290. 


II.A.6.    View  film. 


'  2i 


OUTLIHE  OF  IMSTRUCIION 


INSTRUCTOR  ACTIVITY  ■  ^ 

II. A. 6.  Review  film  and 
discuss  high  points. 


CM  "V'  IG  1.2.2 
STUDENT  ACTIVITY 

II.  A. 6.  Participate 
,in  class  discussion 
of  film. 


Cranking  motor. 

(1)  Purpose. 

(a)    Changes  electrical 
energy  to  mecljanical 
motion. 

(2)  Principle  of  operation. 

(a)    Rotation  due  to  repul- 
sion between  field 
inagnetism  and  magnetic 
^    field  set  up  around 
armature  windihgs. 

1^   Fields  of  like 
polarity. 

(3)  Construction. 

(a)  Same  generally  as  a 
generator. 

(b)  Brushes  are  copper 
alloy  instead  of  carbon. 


II. A. 6. a. (2)  Explain  construc- 
tion and  operation  of  cranking 
system  while  using  Delco-Remy 
chart,  section  "C"  Cranking 
Motors  and  slides  9025K  to 
show  details. 


II. A. 6. a. (2)  View  chart 
and  follow  instructor 
lecture  cpvering 
cranking  system  . 
construction  and 
o^peration.  ^ 


b.    Cfanking*^  motor  drives. 
(1)    Bendix  inertia. 


(a)    Utilizes  twisting  motion 
of  cranking  motor  for 
engagement  with  flywheel, 
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OUTLINE  OP  INSTRUCTION 

(2)    Overrunning  clutch..  ^ 

(a)    Method  of  engagement. 

1^   Manually  -  by 

employing  pedal  shift. 

2^   Electrically  -  by 
employing  a  solenoid 
shift . 

c.    Cranking  motor  switches  and  solenoids. 
(1)    Types  apd  purpose. 

(a)  Solenoid. 

1.    Produces  mechanical 
movement  and  completes 
a  circuit. 

(b)  Magnetic . 


/ 


1.  Completes  a  circuit  '' 
(no  mechanical  movement 
transmitted) . 


INSTRiJCTOR  ACTIVITY 


ERIC 


/(2)    Principle  of  operation, 
(a)    Electromagnet ism. 

NOTE:    Cranking  motor,  does  not  start 
/        engine;  it  merely  cranks  the  engine. 

^.  '  D,.C.  Charging  system. 
Generator. 

(1)    Converts  mechanical  energy  to 
,  electrical  energy. 


/ 


II .A. 7      Using  Delco-Remy 
training  charts  and  assorted 
charging  system  parts,  discuss 
construction  and  basic  oper- 
ation of  D.C.  charging  system. 


'  /3d 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


II. A. 7.  Participate 
in  discussion  ^ind 
examine  charging 
system  parts. 


riA  of  '^n 


2iD 


/3/ 


OUTLIMK  or  DiSTaUCTIQN 


(2)  Cdmponents.  '  ^ 
*       (a)  Armature. 

(b)  Field  Frame. 

(c)  Field  coils  and  pole  shoes, 

(d)  Commutator. 

(e)  Brushes* 

(3)  Operating  prlriciples. 

(a)  Induced  current. 

1.    Loop  revolved  in 
magnetic  field. 

(b)  Commutation. 

1,    Means  of  changing 
alternating  current 
to  direct  current* 

(c)  Amount  of  current^ndup^ . 
1,    Increased  by.'' 

a.    Additional  loops. 

h.    Loops  wound  on 
^  iron  core. 

r 

(d)  Field  windings. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
ITUDEHT  ACTIVITY 


\ 


II .A. 7. a. (3)    Show  movie 
MN-8594-A,  "Direct  Current 
Generator,  Theory  of  Operation", 
(16  mln.) . 


II. A. 7. a.  (3)  Viewjmovie 


Review  and  discuss  high  points     Participate , in  instruc- 


of  movie. 


tor  discussion  covering 
movie . 
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OUTLINE  OF  INSTRUCTION     .  '  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

1*    Increases  strength  \ 
of  magnetic  field.  ^ 

(4)    Shunt-wound  generator. 

« 

(a)  8  to  12  percent  of  , 

generated  current  is*    _  » 

shunted  through  field  ^  ' 

coils. 

(b)  Residual  magnetism.  '  \ 

i^r  1^   Magnetism  retained 

by  pole  pieces  when  ^ 

generator  is  not 

operating. 

2>    Permits  build-up  until  ^  ,  •  / 

current  flows  in  field 
colls. 

b  .^^^^^Ge^rator  regiflator.    (Extreme  ^  ' 

jv^riation  of  speeds^  of  generator 
If        —  .  ^makes  regulation  necessary.)       '  ^  .  •  , 

^  (1)    Reverse  current  or  circuit 

breaker* 

(a)  Electromagnetic  switch  la 
battery  charging  circuit 
that  opens  and  closes  the 

circuit  between  generator  ^       '  ' 

and  battery. 

(b)  When  voltage  of  generator 

f        ^  exceeds  battery  voltage,  .  ^ 

^IJ  \  points  close.  .  •  '  , 
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CM  "A"  Iv  1.2 . 

OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(c)    VHien  battery  voTttage 
•  exceeds  generator  voltage, 

^     y  points  open* 

J, 

(2)    Current  regulator.  ,   .  • 

i 

(a)  Regulates  amount  of 
amperage  flowing  In 
generating  system* 

(b)  Amperage  low,  points 

held  closed  by  spring  > 
tension* 

(c)  Amperage  high,  points 
open* 

(d)  When  points  ar&  open, 

field  current  forced  to  * 
flow  through  resistors,  ^ 
decreasing  field  mag- 
netism and  thus  decre- 
asing generator  output* 

.  (e)    Voltage  and  current ' 

regulators  do  not  function 
^      at  the  same  time  except 

during  bulld-up  when  '  *  ' 

points  of  both  are  closed. 

(4)    Voltage  regulator* 

?» 

(a)  ,  Safety  device,  as  It 
automatically  controls 
output  of  generator* 


(b)    Points  are  closed  when  unit 
Is  not  qperatlng. 


OLTLINE  OF  INSTRUCTION 


(c)    Points  open  and  close 
rapidly  (vibrate)  when 
voltage  output  of  gener- 

'       ator  exceeds  set  rate. 


8.    A.C.  charging  system, 

a.    A.C.  generator. 

(1)    Converts  mechanical  energy 
to  electrical  energy. 


INSTRUCTOR  ACTIVITY 


NOTE:    Have  students  identify 
charging  system  components 
on  training  chart  and  explain 
their  function. 

NOTE:  •  Oral  questions. 

1.  What  is  the  pq^rpose  of 
a  generator? 

2.  What  ^.s  the  purpose  of 
a  commutator? 

3.  What  device  prevents  the 
battery  from  discharging 
through  the  generator? 

A.    What  is  the  purpose  of 

residual  magnetism  in 

the  generator  pole  pieces? 


II. A. 8. a. (1)  Using  Delco-Remy 
training  charts,  snow  and 
explain  A.C.  charging  system 
parts  and  function. 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


Identify  charging 
system  components 
and  explain  function. 


Answer  questions  as 
called  on  by  Instructoi 


22j. 
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OUTLINE  OF  INSTRUCTION 


(2)  Components. 

(a)  Rotor  assembly* 

(b)  Stator  assembly. 

(c)  Brush  assembly. 

(d)  Slip  rings. 

(e)  Positive  heat  sink. 
(£)  Diode  end  frame. 

(g)  Drive  end^rame. 

(h)  Ball  bearing  (front). 

(i)  Needle  bearing  (rear) . 
(j)  Cooling  pan. 

(k)  Drive  pulley. 

(3)  *  Operating  principles. 

if 

(a)    Induced  current. 

1.    Magnetic  field  revolved 
in  stationary  loop. 

^  ~  (lf)-~  Rectification.-  ^  ^  ^ 


INSTRUCTOR  ACTIVITY 

II. A. 8. a. (1)  (cbntM)  Show 
Delco-Remy  strip  film  9011K, 
''Delcotron  Generator  and  the 
Charging  System. 

II. A. 8. a. (2)*  Pass  out  actual 
charging  system  components 
for  students  to  identify 
during  lecture. 


CM  ''A"  IG  1.2.2 
STUDENT  ACTIVITY 


IUA.8.a.(2)  Partic- 
ipate in  instructor 
directed  discussion; 
identify  charging 
system  components 
passed  out  by  instruct! 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


Xf'  Achieved  by  the  use 
of  ppsitivei and 
negative  diodes. 

(c)    Regulation.  ^ 

1.    Single  unit  regulator. 
2^   Double  unit  regulator.  , 
3,    Transistorized  regulator. 
(A)  Maintenance. 

(a)  NEVER  polarize.  ^  * 

(b)  Never  shcxrt  circuit  for 
any  test. 

(c)  '  Never  run  an  open  circuit. 

(d)  ^  When  jump^  starting  vehicle 

with  booster  battery  go 
from  POSITIVE  to  POSITIVE, 
NEGATIVE  to  NEGATIVE*  A 

(c)    To  quick  charge  battery, 
isolate  from  charging 
circuit . 

(f)  Keep  oil  and  grease  off  of 
^  housing.  •  ^ 

(g)  If  water  soaked,  allow  to 
dry  before  using. 


ERJC 
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OUTLINE  OF  INSTRUCTION 


9.    Ignltidn  system. 


a.'    Parts  and  function. 

(1)    Battery  and  generator. 

(a)    Source  of  electricity 
for  lgnition\8yst'em. 

(25    Ignition  switch.^ 

(a)    Closes  circuit  between | 
electrical  supply  and 
j  ignition  system. 

(3);  Ignition  coil.  A 


INSTRUCTOR  ACTIVITY. 
NOTEf    Oral  questions: 

1.  jby  what  means  is  recti- 
fication accom[tlished  in  the 
A.ci  charging  system? 

2.  Why  does  the  A.C.  generator 
require  diodes? 

3.  What  do  diodes  do? 

Ii1a.9.    Using  Delcb-Remy 
chirt  section  "D",  Ignition 
System  and  gtrip  Film  9020K, 
"26,000  Volts  Under  the  Hood 
(The  Ignition  Circuit)",  atiow 
and  explain,  cons trjuct ion  and 
operation  of  the  ignition 
system. 

II.A.9.a.  Pass  out  ignition 
system  parts  for  stug|ents  to 
idencify  during  lesson. 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


II . A . 9 .    Participate  > 
in  instructor  directed 
discussion  whilf^ 
viewing  charts  and 
film. 


II.  A.  9/.  a;  Identify 
ignition  system  parts 
as  passed  out  by  .the 
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OUTLINE  OF  INSTRUCTION  '  ^ INSTRUCTOR  ACllVITY      "   "  STUDENT  ACTIVITY       '  ^ 


(a)  "Transforms  low  battery  . 

voltage  to  high  voltage 
(as  much  as  20,000  volts)- 

(b)  Operation. 

1,    Battery  current  flows 
through  primary  winding 
when  ignition  switch 
is  closed  and  the 
breaker  points  are 
closed » 

(c)  When  breaker  points  open, 
the  magnetic  field  collapses 
inducing  voltage  into  th^ 
secondary^  windings . 

(4)    Ignition  distributor  asaembly* 

Xa)  Functions. 

1,    Opens  arid  closes  primary 
circuit  via  th'fe  breaker 
points.  . 

Z.    Times  this  by  means  of 
breaker  cam. 

3.    Directs  high  voltage 
to  proper  spark  plug. 
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(b)    Distributor  cam.  -  ^        v    \  ^ 

1,    Causes  breaker  points 

tp  open.  ^  .  •   '  . 


2.J 


J 


OUTLIHE  OF  INSTRUCTION 


(c)  ^  Breaker  points. 

1.    Opens  and  closes 
primary  circuit. 

a.  Opened  by  the 
distributor  cam. 

b.  Closed  ^by  spring 
pension. 

(d)  Condenser  (capacitor) 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  i.,2.2 
STUDENT  ACTIVITY 


/5f 


1.    Stores  voltage  briefly 
during  collapse  of 
magnetic  field. 

a.    Helps  prevent 

arcing  at  breaking 
points. 


(e)  Rotor. 


1.    Mounted  on  top  of 
distributor  shaft. 


2.    Directs  high  volfeage 

to  proper  spark  plug. 

> 

(f)    Distributor  cap. 

1.  Acts  as  a  pover  for 
the  distributor. 

2.  Contaijis  high  tension 
terminals. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


(g)  Centrifugal  spark 
advance . 

1.  Advances  spark. 

2,  Retards  spark, 

3>    Reacts  to  engine 
speed  only* 

(h)  Vacuum  spark  advance. 


1^    Advances  spark  at 
part  throttle; 

2*    Reacts  to  engine  load. 

(i)    Spark  plugs. 

1.  Supplies  fixed  gap 
across  which  high, 
voltage  surges  must 
jump. 

2.  Heat  range- 

a.  Hot  plugs  low 
speedy  stop  and 
go  city  driving. 

b.  Cold  plugs  -  high 
speed,  freeway, 

.  interstate. 

NOTE:    Spark  plugs  are  available  in  a  heat  range 
between  hot  and  cold  for  use  by  the 
average  vehicle  -  a  combination  of  freeway 
•  and  city  driving. 


NOTE(    Direct  students  in  trac-  NOTE:    Trace  current 

ing  current  flow  through  flow  through  system^, 

ignition  system  as  depicted  on  as  depicted  on  training 

training  chart.  chart. 
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10.    Lighting  system. 

a.    Parts  and  functions. 
(1)  Lamps. 

(a)  Construction. 


1.    Single  or  double 
contact. 


1.    Single  or  douDle 
filament. 

(2)  Sealed  beam  lamps 

(a)  Headlights. 

X.    U^ally  sealed 
/beam  type* 

(b)  Adjusting  headlights 
(general) . 

1.  Modern  type  head- 
lights are  fixed 
focus . 

2.  Only  aiming  need 
be  adjusted. 

3.  Aiming  must  iieet 
legal  requirements. 

(3)  Lamp  sockets. 

(af   May  be  of  the  twist  or 
, straight  plug/ spade 
type. 


INSTRUCTOR  ACTIVITY 

II. A. 10.    Refer  students  to 
Automotive  Mechanics,  6th 
edition,  chapter  16  to  view 
schematics  covering  electrical 
devices . 

Pass  out  actual  components  such 
as  lamps,  fuses,  circuit 
breakers,  oil  pressure  gauges, 
ammeters,  fuel  gauges,  temp- 
erature gauges,  speedometer/ 

odometer,  tachometer,  horns  

and  wiriashield  wipers.* 


CM  "A"  IG  1.2.2 
STUDENT  ACTriTY 


II. A. 10. 


Examine  and  identify 
accessories  and 
electrical  devices 
as  passed* out  by 
instructor. 


2Jd 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1*2.2  . 
STUDENT  ACTIVITY 


(4)    Switches,  fuses  and  circuit 
breakers . 

(a)  Switches. 

Headlight./ 

2,  Jgnitlon, 

3 .  Dimmer . 


\ 


4.    Heater /wipers.'  • 

(b)    Fuses  and  overload 
breakers. 

1.  Fuses  are  protection 
against  overloading' 
circuits. 

'         Must  be  replaced 
vhe^  burned  out. 

b.    Correct  the  cause 
of  fuse  burning  out. 

2.  Overload  breakers  offer 
same  protection  as  fuses. 

a.  Automatically  open 
circuit  when  it  be- 
comes overloaded. 

b.  Manually  or  auto-^ 
matically  reset  after 
cause  is  eliminated. 


-5 
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OUTLINE  OF  ISSTRUCTION 
11.  Accessories, 
a .    Gauges . 

...  —  (i)  ,Ainniejter.^c. 


INSTRUCTOR  ACTIVITY 


CM  "A"  .  x.2.2 
STUDENT  ACTIVITY 


•        (a)    Indicates  amount  of 

current  flowing  to  and 
from  the  battery. 

I 

1,    Cranking  motor 

current  does  not  go 
 through  ammeter*  

(b)    Battery  generator  Indicator/ 
Indicating  light  may  be 
substituted'  for  ammeter'; 

(2)    Fuel  level  gauge. 

(a)    Indicates  the  amount  of 
fuel  in  the  tank. 


ERIC 


(3)  Oil  iSressure  gauge. 

/a)    Indicates  engine  oil 
pressure. 

(4)  Temperature  gauge. 

(a)    Indicates  temperature 
of  engine  coolant, 

(5)  ^'^eedometer,  tachometer, 
^.  odometer  and  hourmeter. 

(a)    Speedometer.         ^  l 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.2 
STUDENT  ACTIVITY 


\ 


1.    Indicates  miles/ 

kilometers  per^hour. 


(b)  Tachometer. 

1,    Indicates  revolutions 
per  minute  of  engine's 
crankshaft . 

{c.y  Odomejber^  


24J 


Records  distance 
travelled  in  miles/ 
*  kilometers 

(d)    Hour  meter • 

1»    Records  engine 
operating  hours. 


b.  Horn. 

(1)    Vibrator  type. 


(a)  Operates  on  principle  of 
vibrating  coil. 

(b)  Tone  and  volume  may  be 
adjusted. 

(c)  May  be  dual  ii|(8tallation, 


c.    Windshield  wiper. 


(1)    May  be^ther  ele<?trically, 
vacuum  br  air  operated. 
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OUTLINE  p?  It^STRUCtlON 

III.  Application. 
A./  Student  practlc^. 

IV.  9'ammary. 
Composition  of  matter  and  electricity. 

storage  battery. 
/c.    Cranking  system. 


INSTRUCTOR  ACTIVITY 


III. A.    Direct  student  activity 
in  tracing  circuitry  and 
identifying  components  of  , 
cranking,  charging  and  ignition 
systems  as  found  in  training 
add  Ford "6  cylinder  gasoline 
engines .  ^ 


CM  '/A"  IS  1.2-2 
f^TUDENT  ACTIVITY 


III. A.    Trace  clrcultr 
and  identify  componenti 
of  cranking,  charging 
and  Ignition  systems 
on  Ford  6  cylinder 
gasoline  engines. 


D»    D.C*  charging  system. 
E.    A.C.  charging  system. 
■  F.    Ignition  system. 

G,  Lighting  system. 

H.  Accessories. 
V.    Test:    None.  / 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-O022 

dlasslfication:  Unclassified 


Topic:    Gasoline  Engine  Disassembly 

Average  Tiae:    4  Periods  (Class),  7  Periods  (Pract) 

Instructional  Materials: 

K.  Texts: 

1. ^    Automotive  Mechanics,  6th  editioirTTteGraw^- 

Hill  Book  Co.,  Chapter  2. 

2.  1969  Foid  Truck  Shop  Manual,  Vol^  2,  jFord 

,  Service' Publication,  Ford  Motor  Co,^  iTearbom, 
Michigan  48207,  pp.  8-04-01  -  8-O47O7. 

B.  References:  None. 

C.  Tools,  Equipment  and  Materials^ 

1.  Tools. 

a.  Shop  tools.      ^   '*'"'«|«'*«* 

b.  Automotive  handtools. 

2.  Equipment. 
a.  Major. 

'» 

a)    Ford,  model  240  C.I.,  6  cylinder 
^  gasoline  engine  (12  each). 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  disassemble,  aaseabla, 
tune  and  adjust  a  six  cylinder  gasoline  engine  using 
a  Ford,  240  cubic  inch  engine.    Using  appropriate 
handtools,  shop  equipment  and  materials,  he  will 
accomplish  this  task  In  accordance  with  Job  Sheets 
CM  "A'^  JS  1.2.3.1,  "Gasoline  Engine  pisasseobly. 
Inspection  and  Assembly"  and  CM  "A"  JS  1.2.6.1,  "Gasolim 
Engine  Diagnosis  and  Adjustment".    Upon  completion  of 
assembly  and  tune-up,  the.  engine  shall  perform  with  an 
ignition  timing  of  6°  B.T.C..  dwell  of  37°  -  42°, 
idle  at  550  rpm,  intake  manifold  of  18  -  21  inches, 
oil  pressure  and  coolant  temperature  in  normal 
operating  range. 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  disassemble  a  six  cylinder 
gasoline  engine  while  working  as  a  member  of  a  two  (2) 
man  team,  using  a  Ford,  240  cubic  inch  engine.  He 
will  use  fill  appropriate  handtools,  special  tools,  and 
shop  equipment.    The  task  will  be  accomplished  while 
adhering  to  manufacturer's  specifications  and  rec- 
ommendations without  deviation  as  specified  in  Job 
Sheet  CM  "A"  JS  1.2.3.1,  "Gasoline  Engine  Disassembly, 
Inspection  and  Assembly^V 

^Criterion  Test:    Disassemble  a  6  cylinder  gasoline 
engine  while  working  as  a  member  of  a  two  student 
team  using  appropriate  handtools^^  special  tools 
and  shop  equipment  while  adhering  to  manufacturer's 
specifications  and  recommendations  without  deviation 
as  specified  in  the  Job  Sheet. 
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M  * 

3.    Materials  (consumable).  ^  Homework:    Study  Automotive  Mechanics,  6th  edition 

J  .  ,  -  pp.  22  -  50. 

Cloning  solvent. 

Gasoline. 

Wiping  rags. 

d.    Sveeplng '  compound . 

D.    Tralnixg  Aids  and  Devices: 

1.  FilM.- 

a.  ABC-001,  "ABC  of  Hand  tools",  GM  Corp. 
(18  mln.) . 

b.  ABC-OOa,  "ABC  of  Handtools",  GM  Corp. 
(15  mia.). 

c.  CAS-'OOl^,  "The  Case  of  the  Slippery  Oil", 
Dana  Corp.  (40  m^^p.). 

2.  Locally  Prepared  Material: 

ay    Infonnation  sheets.  ^ 
V  (1)    CM  "A"  ISl.2.3.1,  "General  Housekeeping". 

b.  Job  sheets. 

(1)    CM  "A^'  JS^  1.2.3.1,  "Gaaoline  Engine 
'    Disas8em>5.yV  Inspection  and  Assembly". 

c.  Work  Sheets ^  , 

(1)    CM  "A"  WS'  1.2.A.1,  "Mathematics  Work  Sheet". 


E.    Traiaing  Aids  Equipment;  ^ 
ERJC  ,     1.    IMB  Movie  projector.  (2  of  24)  .  2oU 


OUTIINE  OF  INSTRUCTION 
!•    Incroduction  to  the  lesson. 
A.    Es cab ll^h^cb^  tact . 
1  •    Name : 

2.    Topic:    Gasoline  Engine  Disassembly. 
Establish  readiness. 

1.  Purpose. 

2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.  Pass  course. 

b.  Perform  better  on^ the  job. 

c.  Get  advanced. 

d.  Be  a  better/Construction  Mechanic. 

D.  Overview. 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.e.  ^fifii  out  need  and  value 
of  material  being  presented. 


I.D.    State  learning  objectives. 

1.    State  information  nnd 
materials  necessary  to  gr^de 
student. 


CM  "A"  U  1.2.3 
STODENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 
II.  Presentation. 

A,    Nomeaclature ,  selection  and  safe  use  of 
shop  tools. 

1 «    Hammers . 

a.  Types. 

(1)  Ball  Peen. 

(a)    Size  determined  by  weight 
of  head. 

(2)  Soft  faced* 

(a)  Plastic. 

(b)  Nylon. 

(c)  Rubber. 

(d)  Rawhide. 

(e)  Soft  metal  -  (Brass,  lead, 
copper) . 


INSTRUCTOR  ACTIVITY 


I I. A.    Show  movies:  ABC-OOl  and 
ABC-GGZ,  "ABC  of  Handtools", 
GM  Corp. 

Review  high  points  of  films. 


NOTE:.  Pass  out  tools  for 
student  examination  while 
discussing  tool  nomenclature, 
use  atid  care. 


CM  "A"  IG  1.2.3 
STUDENT  ACTIVITY 


II. A.  View  movie  and 
take  notes. 


Partjicipate  in  review 
of  films. 


NOTE:    Examine  tools 
and  participate  in 
discussion. 


(3)  Sledge. 


(a)    Size  and  use  determined  by 
weight  of  head. 


b.    Safe  use. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.3 
STUDENT  ACTIVITY 


(1)  Head  must  be  securely  attached 
to  handle. 

(2)  Handle  free  of  cracks  and 
splinters.  ^ 

(3)  Never  use  handle  for  pry  bar 
or  wooden  drift. 

(4)  Hammer  face  must  strike  surface 
squarely . 

2*  Screwdrivers. 

a .    Types . 

(1)  Common  (general  purpose) . 

(a)  Size  determined  by 
length  of  shank* 

(b)  Square  shank  (heavy  duty) 
permits  application  of 
wrench  to  increase  torque* 

(2)  Phillips; 

(a)    Designed  to  prevent  < 

damage  to  finished  surface 
due  to  screw  driver  slipping 
from  screwhea(d  slot* 

(3)  Offset  (angle). 

'    (a)    For  work  in  limited  ^b^ce. 

(4)  Clutch. 


II. A. 2.    Have  class  refer  to 
Automotive  Mechanics »  6th 
edition,  chapter  2,  to  view 
tool  illustrations  while 
directing  class  discussion 


II. A. 2.    Refer  to  pages 
o{  text^  as  directed  by 
Instructor  and  partic- 
ipate  in  discussion. 


2 
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(a)    Same  basic  use  as  Phillips 
but  provides  more  contact 
and  requires  less  downward 
pressure. 

b.    Safe  use. 

'  (1)    Never  use  as  pry  bar  or  chisel. 

(2)  Keep  screwdriver  blade  vertical 
with  screw  head. 

(3)  Never  hammer  on  end  of  screw- 
driver. 

(4)  Select  proper  sIm  for  job. 

(5)  Never  use  pliers  on  screwdriver. 

(6)  "Mever  use  screwdriver  to  check 
high  electrical  amperage. 

(7)  Guard  against  carrying  In 
pockets . 

Pliers.  ^ 

a.  Types. 

(1)  Combination  (slip  joint)  pliers. 

(a)    Size  determined  by  overall 
length. 

(2)  Diagonals. 

(a)    Pulling  cotter  plns« 


/S7 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.3 
STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 

(b)    Cutting  wire. 

(3)  Long  nose  (needle  nose) . 

(a)    Many  special  applications 
^  (mostly  for  handling  small 

objects). 

(4)  Self  locking  (  vice  grip).  ^ 

(a)    Used  where  combination 
pliers  will  not  grip 
sufficiently. 

b.    Safe  use. 

(1)  Do  not  use  pliers  on  nuts. 

(2)  Keep  clean. 

(3)  Do  not  force  beyond  their 
capacity. 

A .    Wrenches . 
a.  Types. 

(1)  Adjustable. 


1 


INSTRUCTOR  ACTIVITY 


(a)    Open  end:  (TRADE  NAME 
CRESCENT) . 

1,    Convenient  -  but  should 
not  take  place  of  standard 
wrenches . 


/ 

p 
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OUTLINE  OF  INSTRUCTION  ^  INSTRUCTOR  ACTIVITY  '  ^yfuDENT  ACTIVITY 

i.    Always  keep  tight  and 
apply  preasure  to 
stationary  jaw.  ^  , 

(b)    Pipe  wrench.  / 

1,.   Use  on  rouncf  objects  ^  '      ,  . 

it: 

^  2^   Jaws  will  leave  marks 

on  work. 


(2)    Open  end* 


(a)  '  Jaws  usually  set  at  angle 
to  facilitate  use  in  close 
'   quarters • 

^  I  (b)'   Used  for  general  purpose 
j         nut  or  bolt  removing. 

(3)  Box  end. 

(a)    Used  to  brealT  loose  tight 
nuts  or  bolts. 

(bj    Can  be  used  to  loosen  nuts 
or  bolta  In  very  tight 
;  .places  (15°  swing). 

(4)  ComtJination.  * 

(a)    Has  both  open  •nd  and  box 
.  end. 


26, 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

, (b)    Makes  bolt  or  nut  removal 
or  installing  easier. 

(5)  Socket  wrenches*  ^  '  ^ 

(a)  Regular  (6  or  12  point) . 

(b)  Deep. 

1*    Spark  plug. 

(c)  Universal  joint  or  socket. 

1.    Allows  wrench  handle  to  •  ^  ^ 

be  at  angle  to  socket, 

(6)  Handles, 

(a)  Flex  (breaking  BAR). 

1.    Great  leverage  for 

breaking  loos^  tight  nuts. 

(b)  Speed  handle. 

1>    Speedy  removal  of  nuts 
,  or  bolts.       ^  ,  ' 

(c)  Sliding  offset..  • 

1.    With  extension  can  make 
handle. 


Ratchet . 


26j 
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CM  "A"  IG  1.2.? 

OUTLINE  OF  INSTRUCTION  *     INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

1.    Allows  bolts  or  nuts  to 
be  removed  rapidly  as 
the  dog  ratchets  over 
teeth  permitting  handle ' 

to  be  backed  up  without  ^ 
removing  socket  from  nut 
or  bolt. 

(e)  Extensions: 

1>    Come  in  various  lengths  » 
'    (2",  4",  6",  etc.)  to 
increase  reach  and  depth. 

(f)  Torque  wrench.  ,  ^ 

1>    To  tj.ghten  bolts  or  nuts 
evenly.  ^ 

a.    Calibrated  in  foot  -  •  '  ^ 

pounds  or  inch  ^ 
J  pounds  for  light, 

J,  '  delicate  work. 


ERIC 


\     b.    Safe  use.  ' 

^  (1)    Select  proper  si^e  and  type. 

(2)  Don*t  push  on  wrench  (pull). 

(3)  Apply  pressure  to  fixed  jaw  of  * 
adjustable  wrenches. 

(4)  Don't  use  hammer  on  wrench  to 
break  loose  ,  tight  nuts  or  bolts 

(use  striking  wrench) .  \  ^ 

O  .  (10  of  i4)  26o 
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•OUTLINE  OF  INSTRUCTION     '  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

r  (5)    Don't  use  pipe  wrench  on 

finished  surfaces. 

(6)    Never  use  pipe  or  wrench  handle  j 
to  Increase  leverage. 

/  '  i 

,  5.  Punches, 
a.  Types. 

(1)  Center.     f  . 

(a)  To  mark  location  of  a  hole 

to  be  drilled.  • 

(b)  To  mark  location  of  parts 
before  disassembly. 

A. 

(2)  Starting  (drifts). 

(a)  Strong,  can  withstand  heavy 

hammer  blows.  \^ 

(b)  For  starting  the  removal  ^  .  ^ 
of  pins  and  shafts. 

(3)  Pin. 


ERIC 


(a)    For  removing  straight  or 

'tapered  p^lns  and  shafts  after 
,  I      ;they  have'  been  broken  loose 
^    with  starting  punch. 


(4)  Aligning. 

i  « 

(a)    Long  taper  to  align  patts 
(fender  holes)  etc. 

Q  .  (11  of  24)  '^"^O 


OUTLINE  OF  INSTRUCTION 

b.    Safe  use. 
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ERIC 


(1)  '  Never  allow  head  of  punch  to 

become  mushroomed. 

(2)  Use  proper  punch  for  the  job. 
Chisels. 

a*    Types.  . 

(1)  Cold  (flat). 

(a)  Cut;  rivets. 

(b)  Split  nuts  for  removal. 

(2)  Cape. 

(a)    Chiseling  small  areas  of 
met^il  • 

f 

(3)  Diamond  point.  ; 

\    (a)    Chiseling  small  areas  in 
close  quarters. 

>  (4)^    Round  nose  chisel. 

(a)    Chiseling  inside  radii. 

b.    Safe  use  of  chisels. 

(1)    Keep  cutting  edge  sharp. 


INSTRUCTOR  ACTIVITY 


(2)    Keep  head  of  chisel  beveled  to 
prevent  mushrooming. 

\    i  ■ 
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STUDENT  ACTIVITY 
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OUTLISE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A'^  IG  1,2,3 
STUDENT  ACTIVITY 


(3)  When  chiseling,  wear  eye 
protection,  ' 

(4)  Make  sure  work  being  chiseled 
Is  held  securely. 

Hacksaws ,  ^ 

a ,  Types , 

(1)  Adjustable  frame, 

(2)  Fixed  frame, 

b.  Blades, 

(1)  Length  is  the  distance  between 
centers  of  end  holes  (10"  and 
12'*), 

(2)  Tipeth  per  inch  and  use, 

(a)  14  -  for  cutting  large 
section  of  mild  material. 

(b)  18  -  for  all  around  work  ^ 
/(cast  iron,  tool  steel,  etc.). 

(c)  24  -  thin  material  (angle 

w^^/..-  dbifon^^'tpipe^^  etc*)..  ^ 

(d)  32  -  thin  material  (conduit/' 
tubing,  sheet  metal). 

Safe  use, 

(1)    Keep  teeth  pointed  «way  from  handl 
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OUTLINE  OF  INSTRUCKLON 

(2)  Keep  blade  from  jamming. 

(3)  Relieve  pressure  on  return 
stroke. 

(4)  Work  at  a  rate  of  about  40  to 
50  strokes  per  minute. 

(5)  Select  the  blade  with  the 
correct  number  of  teeth  pfer 
Inch  for  the  material  to  be 
cut . 

8.  Files. 

a.  Types. 

(1)  Flat. 
*  (2)  Round. 

(3)  Square. 

(4)  Triangular. 

(5)  Half  round, 
b*    Safe  use, 

(1)  ^  Always  install  handle  on  file 
.   _  :.tang^before  usipg. 

(2)  Never  attempt  to  use  aa  a  pry  bar. 
^                   (3)    Never  hammer  on  a  file. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.3 
STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION 
9.  Taps. 


a.  'Types  of  taps. 

(1)  T^er  tap, 

(a)    A  starting  tap  for 

threading  inside  drilled 
^  holes, 

(2)  Plug  tap. 

(a)    To  be  used  after  the 
taper  Cap  to  complete  ^ 
thread,  through  entire 
hole* 

(-3)    Bottoming  tap. 

(a)    To  be  used  in  threading 

a  blind  hole',  after  starting 
tap  has  been  used. 

Safe  and  carrect  use  of  taps.    ^  - 

(1)  Always  use  a  tap  wrench, 

(2)  Best  results  are  obtained 
tapping  a  blind  hole  by  using 
all  three  types  of  taps,  begin 
with  taper  tap,  then  plug  tap 
and  finish  with^ bottoming  tap. 

(3)  Exert  downward  pressure  until 
first  two  or  three  threads 
have  been  cut,  , 


INSTRUCTOR  ACTIVITY 

II, A. 9.    Have  class  refjer  to 

Automotive  Mechanics,  6th  

edition,  page  40  to  view 
illustrations  showing  taps 
and  dies. 


CM  "A"  IG 
STUDENT  ACTIVITY 

II.A,9-    Refer  to  pages 
of  thfe"  text  as  directed^ 
by  instructor  and 
participate  in  guided 
discussion  on  use  and 
care  of  taps  and  dies. 
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INSTRUCTOR  ACTIVITY 


(A)  >  Turn  tap^forward  two  complete 
turns,  back  it^up.one  quarter 
turn  to  break  the  chips,  then 
forward  again  to  t^ke  up  the 
slack  -  continue  this  sequence 
until,  threads  are  cut . 

(5)  When  tapping  blind  hole,  com- 
pletely remove  tap  frequently 
to  remove  chips  from  bottom. 

(^)    Refer  to  a  chart  to  determine 
size  of  tap  and  drill  for 
particular  taps  and  threads. 


CM  '*A"  IG  1,2.3 
STUDENT  ACTIVITY 


10. 


Dies 

a 


To  cut  threads  on  a  piece  of 
round  stock. 

(1)  End  to  be  threaded  should 
have  a  slight  chamfer. 

(2)  jaies  are  adjustable  to  obtain  a 
^oose  or  tight  fit. 

(a)    Several  trial  threadings  ' 
may  be  necessary  to  obtain 
proper  die  adjustment. 

(3)  Die  must  be  mounted  properly 
,  in  die  -stock. 

(4)  Apply  even  downward  pressure  to 
die  stock  until  first  two  or  ^ 
three  threads  are  cut. 


/ 


^  7  ; 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.3 
STUDENT  ACTIVITY 


(5)    When  die  has  started  ta  cut, 
«    ^  ratatfi  die-stock^two  quarter  -  - 
turns,  back  it  off  one  quarter 
turn  to  break  the  chips  and 
repeat  the  operation  until 
sufficient  threads  are  cut. 

(a)    Use  sufficient  lubricant. 

b.    Safe  and  correct  use. 

(1)    Use  correct- size  die  for  .size 
stock  being  threaded. 

*   (2)    Adjust  to  obtain  good  threaded 
fit. 


(3)    Frequent  removal  of  chips. 

(A)  Never  use  dies  without  specia 
die  stock  to  hold  and  support 
the  die. 


11.    Chain  hoist. 


Used  for  most  of  the  lifting 
operation  in  shop. 

Do  not  exceed  capacity. 

(1)    Usually  rated  in  tons  (1/2  ton, 
1  ton^  etc.).  * 


12.  Slings. 


Used  to  connect  object  being  lifted 
to  hoist. 


II .A. 11.    When  possible,  take 
class  to  shop  to  view  shop 
equipment • 


2/j 
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OUTLINE  QF  tNSTRlTTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


* 


(1)    Always  use  jack  stands  when 
\J  working  under  a  raised  vehicle. 


b/  Don't  exceed  rated  capacity. 

13 .  Jacks- ' 

a •    Types . 

(1)  Hydraulic. 

(a)    Check:  for  leaks  (keep  full 
of  oil  and  packing  glands 
tight) . 

^2)    Screw  (scissors) .  / 

(3)    Ratchet  (bumper) . 

b.'  'Safe  us€f.    *  « 

(1)    Never  use  only  a  jack  to  support 

a  vehicle  when  working  underneath.  ^ 

14.  Jack  stands. 

a.  Types. 

(1)  Adjustable. 

( 2 )  Non-ad j  us  table . 

b.  Safe  .use..   -  '  ^ 


c 
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OUTLINE  or  INSTRUCTION 
*       ~    kS-i    Bench  grinder  ^  ^  . 

a.    Abrasive  wheels. 


(1)    Coarse,  and  fine  grits • 
b.    Safe  use* 

(1)  Tool  restr  should!  neVer- be  more 
than  1/8"  from  wheel: 

(2)  Grinding  should  ^e  do^e  on  face 
of  wheel. 


(3)  Always  wear  goggl 
shield. 

(4)  Wheel  must  be  ti 
R.P.M. 


>^,or  face 

/  ' 

■uing  at  full 


16, 


Electric  drills. 

a.  Capacity. 
(1)    Largest  ytlrill  chuck  will  hold. 

b.  Safe  use, 

(1)    Keep  work  securfe^ 

/ 

dn  break  through , 


283 


(2) 

on  pressure. 
(3)    Keep  grounded. J^.;*^ 


properly, 
'^se  up 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1 
STUDENT  ACTIVITY 


(a)    A/tklrd  wire  must  be  connected 
^0  ^hiB^jirilJL  and  to  ground  (use 
conductor) . 

'  *^(19  of  24) 
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OUTLINE  OF  INSTRUCTION 

17.    Valve  reconditioning  machine, 
a.  Types. 

(1)    Vai^e  refacer. 

(a)    For  grinding  faces  of 
valves . 


285 


IS, 


(2)    Valve  reseater. 

(a)    For  grinding* valve  seats 
ii}  head  or  block. 

b.    Safe  use. 

(1)    Follow  student  handout  or 

use  Manufacturer's  Operation^ 
manual . 

Pneumatic  tools  and  compressors, 
a.  Maintenance. 

(1)  Bleeding  to  remove  moisture, 

(2)  Lubrication  -  according  tro 
Manufacturer's  specifications, 


(3)    Check  hose  and  connections 
before  use. 

b.    Safe  use.    ^  ,  . 


(1)    Nevef^ point  high  pressure  air 
hose  at  anyone  1 1 1 1 


INSTRUCTOR  ACTIVII 

II.A,17.  Demonstrate  use^qf 
valve  refac^g^nd  reseating 
machines . 


"A 

CM  '»A"  IG  1.2.3 
STUDENT  ACTIVITY 


I I. A. 17.  Observe 
demo  n  s  t  r  a  t  ioli"^  and 
participate  in  dis- 
cussion. 


r 


\ 
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OUTLINE  OF  INSTRUCTION 


1 


19 .    Lubrication  .Equipment . 

a.  Types. 

(1)  Hand. 

(2)  Pressure.  . 

b.  Safe  use. 

(1)    Covered  in  future  topics. 
B     Proper  procedure  for  engine  disassembly. 


INSTRUCTOR  ACTIVITY 
NOTE:    Oral  questipns. 

1.  What  determines  the  size 
of  a  standard  screwdriver? 

2.  Name  two  uses  for  diagonal 
pliers? 

3.  Describe  use  of  a  combination 
wrench.  *   

4.  When  installing  a  hacksaw 
blade,  how  should  .th6  teeth 
point  in  regard  to  the  handle? 


CM  ''A"  IG  1.2.3 
STUDENT  ACTIVITY 

NOTE:    Answer  questions 

as  called^ on*~by  

instructor. 


II.B.    Show  movie:  CAS-001, 
"The  Case  of  the  Slippery 
Oil" 

Review  and  discuss  high 
points  of  fiovi6. 


II.B.  View  movie 
and  take  notes. 


Participate  in  guided 
discussion. 


1^ 
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1.    Preparation  of  bench  areas. 

a.    Make  sure  benches  are  clean  and 
dry. 
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b.    Know  portions'  of  benches  you 
are  to  use* 

2.  Arrang^lng  of  engine  parts. 

a.    Parts  are  to  be  stowed  on  or  under 
bench  according  to  pictures  on 
bulldieads  or  instructor's         ^  ^ 
,  directions. 

3.  Protections  of  precision  parts  and 
surfaces.      ,  '  *  • 

^   a.    All  machined  surfaces  should  be 
placed  on  xagm  and  well  oiled  to 
protect  them  ffom  scratches  and 
rust.  , 

li.    Clean  and  orderly  working  area. 

a.    Benches.  ^ 

(1)  Kept  clean  and  neat  at  all  times. 

(2)  All  engine  parts  will  be  arranged 
♦     exactly  the  same  way  at  each 

station.  /        .  ^ 


INSTRUCTOR  ACTIVITY 

II. B.  (Cont'd). 
Pass  out  information  sheet 
CM  "A''  IS  1.2.3.1,  "General 
Housekeeping"  and  job  sheet  . 
CM  "A''  JS  1.^.3.1,  "Gasoline 
Engine  Disassembly,  Inspection 
and  Assembly". 


Decks • 


(1)  Any  oil,  grease,  or  water  spilled 
^         shall  be  cleaned  up  Immediately > 
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CM  "A"  IG  1.2.3 
STUDEST  ACTIVITY 

II. B.  (Cont'd).       .  . 
Use  Information  she6t 
1.2.3.1  as  a  guide  to 
good  shop  practices. 
Use  Job'aheet  1.2.3.1 
as  a  contiiluous  guide 
to  proper  engine  dis- 
assembly, inspection 
and  assembly. 
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C2)    All  parts  stowed  on  deck  will 
♦-be  neat  and  in  accordance  with 
chart  or  instruction. 

c.  Engines. 

1^  (1)  Keep  painteU  surfaces  of 
engines  clean  -and  dry  of 
oil.  t  ^ 

(2)    Keep  all  machined  surfaces 
^    oiled  and  covered  %d.th  rags 
when  not  actually  working  oe 
engine  (noon  and  at  night)  / 

d.  Stands  and  drip  pans. 

<1)    Keep  clean  and  dry  at  all 
td^jnes . 

%^ 

(2)    Any^oil  or  water  spilled  in 
drip  pans  shall  be  wiped  dry 
imaediately. 

e.  Oil  and  water  cans. 

(1)    Shall  be  wiped  dry  innnediately 
after  use  and  ^>efore  being  put 
away  under  bench  provided  for 
this  purpose. 


i 


INSTRUCTOR  ACTIVITY 


CM  "A" 
STUDENT 


IG  1.2.3 
ACTIVITY 


II.B.4.C.    Take  cl 


lass  to  shop. 


Assign  students  to  engines, 
two-nian  team  per  engine. 


NOTE;  Have  students  conduct 
inventory  of  tool  cabinets. 
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OUTLINE  OF  INSTRyCTION 
III.  Application. 

A.  Use  of  handtools  will  continue  throughout 
the  course.  ^ 

B.  Disassemble  a  6  cylinder  gasoline  engine 
^           while  working  as  a  »ember  of  a  two  man  • 

team  using  appropriate  handtools,  special 
tools  and  shop  equipnent  while  adhering  to 
manufacturer's  specifications  and  recom- 
mendations without  deviation  as  specified 
in  job  sheet. . 


IV.  Sinanary. 

A.  Nomenclature,  siblectlon  and  safe  use  of 
shop  tools. 

B.  Proper  procedure  for  engine  disassembly. 

V.  Test:    None.  - 

VI.  Assignment: 

A.  Automotive  Mechanics,  6th  edition,  McGraw  - 
Hill  Book  Co.,  scan  chapters  17,  18  and  19. 

B.  Solve  mathei^atics  problems  appearing  on 
Work  Sheet  CM  "A"  WS  1.2.4.1. 
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CM  "A"  IG  1.2^3 
STUDENT  ACTIVITY 


III.B.    Direct,  supervise  and 
evaluate  student  performance 
during  disassembly  of  6 
cylinder  gasoline  engine. 


UI.B.  Disassemble 
a  6  cylinder  gasoline 
engine  while  working 
as  a  mieaber  of  a  two 
man  team  using  approp- 
riate handtools, 
special  tools  and  shop 
ec^uipment  while  adhering 
to  manu£acturbr*8 
specifications  and 
recommendations  without  ' 
devifetiori  as  specified 
in  job  sheet. 


'VLB.  Hand  out  worksheet 
CM  "A"  WS  1.2.4.1,  Mathe- 
matics "Decimals'*. 


VI. B.    Do  homework 
assignment  for  topic 
1.2.4  as  required  by 
CM  "A"  WS  1.2.4.1  and 
bring  ^^lass. 


CM  "A"  IG  1.2.A 


NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


*     Classif icatioa :  Unclassified 
Topic:    Inspection  and  Keasuring  of  Engine  Parta 
Average  Time:    5  Periods  (Class),  10  Periods  (Pract) 
Instructional  Material: 

A.  ,Texts: 

1.    AutoBiotive  Mechanics,  6th  edition,  McGraw- 
Hill  Book  Co,,  chapters  17,  18  and  19. 

2*    1969  Ford  Truck  Shop  Manual,  Vol.  2, 
pji.  08-01-10  thru  08-01-24.  ' 

B.  References:  None. 

C.  Tools,  Bquipnent  and  Materials: 

1.  Tools. 

a.  Automotive  Shop  tools. 

b.  Automotive  handtools. 

c.  Measuring  instruments. 

2.  Equipment. 

a.  Major. 

(1)    Ford„  6  cylinder  gasoline 
engines  (12  each) . 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  disassemble,  asstnble, 
tune  and  adjust  a  six  cylinder  gasoline  engine  using 
a  Ford,  240  cubic  inch  engine.    Using  appropriate 
handtools,  shop  equipment  and  materials,  he. will 
accomplish  this  task\ln  accordance  with  Job  Sheets 
CM  "A"  JS  1.2.3.1,  "Gasoline  Engine  Disassembly,  Inspec- 
tion and  Aafembly"  and  CM  "A"  JS  1.2.6.1,  ^'Gasoline  ^ 
Engine  Diagnosis  and  Adjustment".    Upon  completion  of 
assembly  and  tune-up,  the  engine  shall  perform  with 
an  ignition  timing  of  6°  B.T.C.,  dwell  of  37^  to  42^, 
idle  at  550  rpm,  intake  manifold  of  18  -  21  inches, 
oil  pressure  and  coolant  temperature  in  normal  operating 
range . 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  clman.  Inspect  and 
measure  engine  parts  of  a  Ford  240  cubic  Inch  gasoline 
engine  while  working  as  a  member  of  a  two  (2)  man  i 
team*    He  will,  use  appropriate  handtools,  special  tools, 
measuring  instruments  and  cleaning  materials. 
All  measurements  will  be  recorded  in  appropriate 
spaces  on  Job  Sheet  and  compared  to  manufacturer's 
specifications  to  determine  extent  of  wear.  All 
procedures  will  conform  to  manufacturer's  specifications 
without  deviation  as  specified  in  Job  Sheet  CM  "A"  JS 
1.2.3.1,  "Gasofine  Engine  Disassembly,  Inspection  and 
Assembly". 

Criterion  Test:    Measure  engine  parts  and  determine 
extent  of  wear  according  to  job  sheet. 
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3.    Materials  (consumable). 

a.  Cleaning  solvent.  •  ^ 

b.  Engine  oil, 

c.  Wiping  rags. 

d.  Sweeping  compound. 
Training  Aids  and  Devices: 

1.  FlLn.  7" 

a.    MC-7889,  "The  Tools  and  Rules  for 

Precision  Measuring"  (30  min.).  \ 

2.  Locally  Prepared  Materials.   

a.    Information  Sheets.  ^  ] 

(1)  CM  "A"  IS  1.2 ,4.;,  •'Measuring 
InstnimentB". 

(2)  CM  "A"  IS  1-2.4.2,  "Fractions". 

(3)  CM  "A"  tS  1.2.4.3,  "Conversion  Chart", 
.b.    Job  Sheet. 

(1)  <r€M  "A"  JS  1-2.3.1,  "Gasoline  Engine 
Disassembly,  Inspection  and  Assembly". 

c.    Work  Sheet. 

(1)    CM  "A"  WS  1.2.4.1,  "Mathematics.  Work 'sheet". 

Trailing  Aids  Equipment:  ^ 

1.    lokra  sound  movie  projector- 

^  .  (2  of  14) 


Homewoflcr  Read  Automotive  Mechanics,  6th  edition,, 
chapters  17,  18  and  19.     •  ' 
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OUtLINE  OF  IHSTRUCrrOll   ;  ,  *  ' 

I.    Introduction  to  the  Xe^sson,  .  _ 

A.  Establish  contact. 

1.  Hame: 

2. *   Topic:    Inspection  and  Measuring  of 

Engine  Parts. ' 

B.  Establish  readiness. 
1/    Purpose,  r 

2.    Assignment.  ^ 
Establish  effect.  / 
1,  Value'. 

a.  Pass  course.      ,  ^ 

b.  Perform' better  on  the  job. 

c.  Get  advanced. 

•  d..   Be  a  better  Construction  Mechanic. 

D.  Overview: 


TNSTRIICTQR  ACTIVITY 


,^     I. A.    Introduce  self  and  topic. 


CM  "A"  IG  1.2.4 
STUDENT  ACTIVITY 


I.B.    Motivate  student, 


I.e. /Bring  out  need  a^idhyalue 
of  material  being  p^sent^d. 


'  I.D.  '  State  learning  objectives, 

1.    State  Information  and 
"^-^terials  necessary  to  guide  - 
student-s 


c 
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OUTLINE  OF  IKSTRUCTION  ^ 
II •  Presentation. 
A.  Matheaatlcs. 


1.    Conversion  of  decimals  to  fractions'.^ 

a.  Write  decimal  as  conxmon  fraction. 

(1)  Digits  of  declinal  fraction 
become  numerator  without 
decimal  point* 

(2)  Denominator  Is  1  followd 

/  by  as  many  zeros  as  there  ^ 

are  digits  behind  decimal 
/  point*  ^ 

b.  Reduce  to  loves t  terms  by  dividing 
both  ntimArator  and  denominator  by 
the  same  number.  ^ 

EXAMPLES    Convert  .625  into  common  fraction. 
AOS  -  625 

Too 

second,  reduce  t'o  lowest  terms 
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\    625  .5 
1000  ~  5 

125    .  5 

200    "  5 


125 
200 

25 
40 


INSTRUCTOR  ACTIVITY 


li.A.  Issue  information  sheet 
CM  "A"       1.2.4.1,  "Fractions". 

Have  students  turn  in  complete 
work  sheet,  CM  "A"  WS ^1.2. 4.1, 
'^thesatlcs  Work  Sheet,  ' 
Decimals*^ 

-  / 

II.A.l.  Solve  problems  using 
chalEbaard  to  enable  students 
to  see  all  steps  of  80J^^j:lon... 


CM  "A*'  IG  1.2.4 
STUDENT  ACTIVITY 


II. A.  Follow  instructo 
discussion  and  take  not 


NOTE:  Call  on  students  by 
name  for  steps  in  solving^ 
problems . 
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Participate  In  solving 
mathematics  problems 
^as  called  on  by  Ins  true 
tor. 
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^  '  •  CM  "A"  I&  1.2.4 

OUTLINE  OF  INSTRUCTIOtT  .  INSTRUCTOR  •ACTIVITY  STUDENT  ACTIVITY 

PROBLEM:    Convert  .0625  to  common  fraction. 

"  fMoo 

625     i5.125:5.25:5„  5/80 
10000  •  5     2000  •  5     400  •  > 

5/80  ^  f  «  1/16  .  •  . 

PROBLEM:    Convert  .1250  Into  coamon  f faction. 

'I25n-ii:250   .110,125    •5/5.25  l5.5' 
TOOOb  •  10     1000  7  "^^"^      200  •  5  40 

2.    Conversion  of  conmon  fractfon  to  decimal. 

IT*    a.    Divide  denominator  into  numerator  being 
sure  to  place  declinal  correctly. 

EXAMPLE:    Convert  3/4  to, decimal.  '  ^ 

Divide  denominator  into  numerator. 

3/4'-  4yT~ 

0.75 
4/3.00 
2  8 
20 
20 
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OUTLINE  OF  INSTRUCTION 


PROBLEMS:    Convert- the  following  fractions  to 
decimals:    5/16,  7/8,  J/S. 

V 

0.3125 
5716  -  16/5.0000 
A  8 

20 

16 

"40" 
32 
80 


7/8  - 


0.8750 
8/7.0000 
6.4 
60 
56 


40 
AO 
0 
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^  0.6250 
5/8  "  8/5.000 
4  d 

~"20. 
16 

"40-  ^ 

c~  40  . 

B.    Micrometer  caliper. 

i.    Nomenclature  of  the  micrometer 
caliper. 


CM  "A"  IG  1.2,4 

INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


t 


II. B.    Show  movie:  HC7889,  "Tlie-  II. B.    View  movie  and 
Tools  and  Rules  for  Precision      .take  notes. 
Measuring"  (30min..). 

Review  high  pqirrts  of  movie.         Follow  instructor 

discussion. 

c 
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OUTLINE  OF  INSTRUCTION 

a.    Composed  of  5  major,  parts. 


ERIG 
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(1) 

Frame . 

(2) 

Barrel • 

(3) 

Anvil* 

(4) 

Spindly. 

(5) 

Thimble. 

2.    Method  of  correqting  micrometer 
zero  setting ♦ 

a.  Use  standard. 

b.  Allow  for  correction. 

(1)    Zero  setting  method  will  vary 
with  a  different  make  of  micro- 
met  er*    Usually  done  by 
senior  T.O.  assigned  to  the 
V  machine  shop* 

3>    Reading  the  settings  of  the  micrometer. 

caliper. 
« 

a.    Determine  the  inch  size  of  micro- 
meter frame* 

b*    One  numbered  barrel  division 
represents  *100  of  an  inch. 

c.  One* barrel  division  between  the 
numbered  divisions  represents  *025 
of  an  inch. 


INSTRUCTOR  ACTIVITY 

II. B.  Cont'd.  Issue  training 
aid  calipers. 


CM  "A"  IG  1.2.4 
STUDENT  ACTIVITY 


II.B*2*    Direct  students  to  set  II*B*2*  Accomplish 

micrometers  on  various  settings  micrometer  settings 

to  provide  practice  and  exper-  as  directed  by  Instruct 

ience  in  reading  micrometer  tor*  ^ 
scales* 
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OUTLINE  OF  INSTRUCTION 

d.    Beveled  edge  of  thimble's  cir- 
cumference is  divided  into  25 
divisions* 

(1)  Each  division  represents  .001 
of  an  inch. 

(2)  One  complete  revolution  of  the 
thimble  equals  1/40  of^n 
Inch  or  .025. 

4*.    Measuring  diameters. 

a.  Steps  to  be  taken  before  measuring. 

(1)  Clean  sur'face  to  be  measured. 

(2)  Cle^ji  faces  of  spindle  and  anvil. 

(3)  Check  spindle  for  free  turning. 

(4)  Check vmicrometer  for  accuracy. 

b.  /Measure  front  and  rear  of  journal 

fox  taper. 

(1)    Measure  diameter  at  three  (3) 
positions. 

C.  Calipers. 

1.    Inside  calipers. 

a.    Checks  internal  measurements. 
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INSTRUCTOR  ACTIVITY 


^  /77' 


CM  "A"  W  1.2.4 
STUDENT  ACTIVITY 


II. C.    Have  students  refer  ttg 
Automotive  Mechanics »  6th 
edition,  McGraw-Hill  text, 
pp.  41,  42  and  43  to  view  illus- 
trations showing  correct  use  of 
measuring  Insttumetits. 


II. C.  Refer  to  pages 
in  tiaxt  as  directed  b 
Instructor. 
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QUTLIWE  OF  INSTRUCTION 


CM  "A"  IG  1.2. 4 

INSTRUCTOR  ACTIVITY  STUDEMT  ACTIVITY 


(1)    Measurement  must'  be  read  with 
aid  of  a  rule. 

(a)    Instructor  demonstrate. 
2.    Outside  calipers. 
3»    Taking  measurements  with  calipers. 
D»    Thread  gauges. 

1.  National  course  (U.S^S.)  United  States 

Standard.  ,  « 

•  *^  ^ 

2.  National  fine  (S.A.E»)^Society  of  ' 
Automotive  Engineers. 

3.  Method  of  checking  threads  with  gauges 
(mention  depth)  etc*  ^ 

\  a.    Used^o  find  number  of  threads  per  ^ 

inch  (pitch) •  * 

(1)    Instructor  demonstrate.  » 

i 

E.    Thickness  gauges  (feeler  gauges)  and  step 
gauges . 

1.    Used  to  check  very  small  cleatarices  •  ' 
between  two  flat  surfaces. 

F»    Spark  plug  gap  gauges.  I 
1.    Advantages  of  round  gauge  over  flat  gauge. 

a.    Flat  feeler  may  not  measure  point 

opening  if  used  on  roughened  points  as 
accurately  as  a  round  gauge* 
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TMQTRUrTOR  ACTIVITY      /                   STUDENT  ACTIVITY 
OUTLIME  OF  IHSTWJCTION  INSTRUCTOR  ALiiviii.  ^  

2.    Use  of  spark  plug  gauge. 


a.    To  provide  spark  plugs  with 'an 

accurate  air  gap  between  electrodes. 

G*    Miacellaneous  measuring  instmments. 

!•  Rulers. 

a.  Common  rule. 

(1)    Calibrated  in  inches  and  common 
fractional  parts. 

b.  Decimal  rule. 

(1)    Calibrated  by  increiaents  of 
'  tenths. 
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-  .0.    Tape  rule.' 

(1)    Same  as  common  rule,  except  that 
it  is,  flexible,  and  may  be  rolled 
up. 

d.    Folding  rule  (carpenter's  rule)Ss^^^ 

(1)    Same  as  common  rule,  except  that 
it  may  be  folded^ 

2.    Telescoping  gauges. 

a.    Used  to  measure  inside  dimensions 

with  the  aid  of  an  outside  micrometer. 


\ 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR.  ACTIVITY 


CM  "A"  IG  1.2.4 
STUDENT  ACTIVITY 


NOTE:    When  transferring  reading  from 

telescope  gauge  to  outside  micro- 
meter, don't  squeeze  micrometer  down 
*        too  tight  or  reading  will  change. 

"  • 

3.  Inside  micrometer. 

> 

a.    Used  to  measure  Inside  dimensions 
without  the  aid  of  an  outside  ■ 
micrometer. 

4.  Depth  micrometer. 

a.    Calibrated  same  as  micrometer  caliper; 

(1)    Calibrations  progress  in 
reverse  direction. 

5.  Dial  indicators. 

a.  Has  a  contact  point  that  bears  against 
a  shaft  or  rod  to  check  Its  alignment 

^yjmd^  wear . 

b.  The  common  dial  Indicator  has  a  dial 
that's  graduated  in  thousandths  of 
an  inch  -  both  plus  and  minus. 

H.  Importance  of  accuracy. 

1.  Quality  and  efficiency  of  work  performed. 

2.  Extent  of^^pairs  needed.  . 

I.  Care  of  measuring  Instruments. 


er|c- 
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OUTLINE  OF  INSTRI/ctION  .4 

1.    These  are  precision  tools  and  must 
receive  utmost  care*  ^ 

a.  Protect  from  rust. 

b.  Protect  from  lint. 

it' 

c.  Avoid  mechanical  damage. 

d.  Keep  clean  and  lightly  oiled,  dip 
in  kerosene  let  drip  dry. 


INSTRUCTORACTIVITY 


NOTE:    Oral  questions. 

1.  How  Is  a  journal 
measured  to  determine  taper? 

2.  What  steps  should  be  ^ 
taken  before  measuring  with 
a  micrometer? 

3.  Name  the  5  major  parts 
of  a  micrometer. 

4.  Why  is  a  round  gauge  used 
to  measure  spark  plug  gap? 


CM  "A"  IG  1.2.4 
STUDENT  ACTIVITY 


NOTE:  Answer  questions 
as  called  on  by  instruc 
tor. 


J.    Cleaning  of  engine  parts. 

NOTE:    This  portion  of  this  presentation  will 
be  conducted  by  student  participation  in  the 
actual  disassembly  of  the  6  <=y""5«  8f 
engine  in  accordance  with  atftached  "Job  Sheet 
and  instructor  supervision. 

NOTE:    Because  this  is  "A"  level  training,  the 
S;  portion  of  this  tofic  should  be  kept  .byief 
and  be  lecture,  discussion  and  demonstration. 


C12,ollA),, 


OUTLINE  OF  INSTRUCTION 

K.    Inspection  and  measurement. 

!•    Use  of  precision  measuring  tools* 

2.  Determining  wear  replacement  ne^ds  as 
per  manufacturer's  limits. 

3.  Compiling  parts  list  and  use  of  parts 
books • 

L.   ^Reconditioning  engine  parts  (demonstration) 

1.  Reface  valves. 

2,  Reface  valve  seats. 
M.    Bearing  replacements. 

1.  Main. 

2.  Connecting  rod. 
Ill*  Application* 

A-    Measure  engine  .parts  a^d  determine  extent 
of  vear  according  to  job  sheet. 

IV.  SumBoary. 

•  A.    Conversion  of  4eclmals  to  fractions, 

B.  Micrometer  caliper. 

C.  Calipers. 

D.  '  Thread  gauged. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.4 
STUDENT  ACTIVITY 


ILL.  Demonstra|:e  use  of  valve  ILL.  Folloii  inatruc- 
reconditioning  equipment.  tor  demonstration  and 

take  notes. 


Ill  .A.    Direct  supervise  and 
evaluate  student  performance 
in  measuring  engine  parts 
and  determining  extent  of 


III.A.    Measure  engine 
parts  and  determine 
extent  of  wear  accoydli 
to  job  sheet. 


wear. 


issue  CM  "A"  IS  1.2.4.3, 
"Conversion  Chart". 
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QUTLIHE  OF  INSTRUCTION 

E.  Thickness  gauges.  - 

F.  Spark  plug  gap  gauges. 

G.  Miscellaneous  measuring  instruments 
H*    Importance  of  accuracy. 

Care  of  measuring  instruments. 
J.    Cleaning  of  engine  parts. 
K.    Inspection  and  measurement. 
L.  RecQnditioning. 
M.    Bearing  replacements. 
V.    Test:  None. 


9 
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INSTRUCTOR  ACTIVITY  -   STUDEMT  ACTIVITY 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Topic:    Gasoline  Engine  Assembly 
Average  Tt»e:    2  Periods  (Class),  8  Periods  (Pract) 
Instructional  Materials: 
A«  Texts: 

1.  AutooDtive  Mechanics,  6th  edition,  McGraw- 
Hill  Book  Co.,  chapters  20,  21  and  22. 

• 

2.  I9f9  Ford  Truck  Shop  Manual,  Vol.  2, 
pp.  OS-04-26,  27,  08--04-11,  12,  13,  14. 

Re£erer*ces:  None. 
C.    Tools,  E^^uipment  and  Materials: 

1.  Tools. 

a.  •  Shop  tools. 

b.  Hand  tools. 

2 .  Equipment  t 
a.  Major. 

(1)    Ford,  6  cylinder  gasoline  engine 
(12  each). 
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Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  disassembler,  assemblt, 
tune  and  adjust  a  six  cylinder  gasoline  engine 
using  a  Ford,  240  cu^iic  inch  engine.    Using  appropriate 
handtools,  shop  equipment , and  materials,  ne  will 

•  accomplish  this  task  in  accordance  with  Job  Sheets 
CM  "A"  JS  1.2.3.1,  "Gasoline  Engine  Disassembly, 

'Inspection  and  Assembly"  and  CM  "A"  JS  1.2.6.1, 
"Gasoline  Engine  Diagnosis  and  Adjustment".  Upon 
completion  of  assembly  and  tune-up,  the  engine  shall 
perform  with  an  ignition  timing  of  6°  B.T.C.,  dwell 
of  37°  -  42°,  idle  at  550  rpm,  intake  manifold  of 
18  -  21  inches,  oil  pressure  and  coolant  temperature 
in  normal  operating  range. 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  assemble  a  six  cylinder 
gasoline  engine  while  working  as  a  member  of  a  two  (2) 
man  team,  using  a  #ord,  240  cubic  inch  engine.  He 
will  use  all  appropriate  handtools,  special  tools, 
shop  equipment  and  materials.    The  task  will  be 
accomplished  while  conforming  to  manufacturer's  spec- 
ifications without  deviation  as  specified  in  Job  Sheet 
CM  "A"  JS  1.2.3.1,  "Gasoline  Engine  Disassembly, 
Inspection  and  Aasambly. 
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3,    Materials  (consumable). 

a.  Ford  engine  gasket  sets. 

b.  Cleaning  solvent. 

c.  Engine  oil. 


d.  Wiping  rags. 

e.  Chassis  grease. 
£.  Gasoline^ 

g.  Sweeping  compound. 

-  \ 

h.  Miscellaneous  engine  parts.  | 
Training  Aids  and  Devices. 

l".    Locally  Prepared  Material, 
a.    Job  Sheet. 

(1)    CM  "A**^  JS  1.2.3.1,  "Gasoline  Engine 
Disassembly 9  Inspection  and  Assembly". 


Criterion  Test:    Assemble  a  6  cylinder  gasoline 
engine  while  working  as  a  member  of  a  two  student 
team  using  appropriate  handtools,  special  tools, 
shop  equipment  and  nlaterials,  conforming  without 
deviation  to  manufacturer's  specifications  as 
specified  on  job  sheet.  ^ 

JomeworJcj .  Read  Automotive  Mechanics,  6th  edition, 
McGraw-Hill- Book  Co^ ,  chapters  20,  21  and  22. 


Training  Aids  Equipment:  None. 
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OUTLINE  OF  INSTRUCTION 

 iF^  


Introduction  to  the  lesson. 

7 

A.  Establish  contact. 
1 •    Name : 

2.    Topic:    Gasoline  Engine  AssemBly 

B.  Establish  readiness. 

1.  Purpose.  ¥^ 

2.  Assignment.' 

C.  E^ablish  effect.  ^ 
1.    Value.  '  ^ 

a.    Pass  course. 
.  ,  b.    Perform  better  on  the  job. 

c.    Get  advanced. 
,.|       d.    Be  a  better  Construction  Mechanic. 
D*    Overview;  ,  . 


/ 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.e.  Bring  out  need  and  value, 
of  matetial  being  presented. 


•CM  "A"  IG  1.2.5 
STUDENT  ACTIVITY 


I»D.    State  learning  objectives. 

!•    State  information  and 
materials  neceBsary  to  guide 
student . 


OUTLINE  OF  INSTRUCTION 


II.  Prej^entatlon. 

A.    Engine  assem&ly. 

!•    Routine  procedures. 

a.  Oiling  of  parts.  * 

b.  Proper  safety  locking  of  parts. 
 ;  c^,^ — Follojiyins  of  tnamifacturer Vg  — 


INSTRUCTOR  ACTIVITY 


11, A.    Stress  the  inportance  of 
cleanliness  of  engine  parts 
and  mating  surfaces. 


Ascertaiji,  that  all  precision 
surfaces  are  well  oiled  before 
qssembly^    


CM  "A"  IG  1.2.5 
STUDENT  ACTIVITY 


II. A.    Assemble  clean, 
well  oiled  parts  as 
specified  in  job  sheet 
and  directed  by  insttu< 
tor. 
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specifications* 
d.    Common  rules  for  tolerances* 

2.  Checking  bearings. 

a.  Cause  of,  bearing  failures. 

b.  Methods  of  determining  excessive 
bearing  wear  and  clearance., 

fl)    Use  of  plastigage.  ^ 

(2)    Use  of  micrometers  and  special 
measuring  instruments* 

.c.    Methods  of  correcting  excessive 
bearing  cleairance* 

(1)    Replacement  of  inserts* 

3.  AssemblJ^ng  cylinder  head. 
al    Installation  of  valves. 

1  '  " 

h\    Mounting  of  cylinder  head. 


Insure  that  proper  torquing 
procedure  is  followed  and  ' 
that  manufacturer's  spec- 
ifications are  complied  with. 


'Torque  assemblies 
as^per  manufacturer's 
specifications  using 
proper  torquing  tech- 
niques « 
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outliwe'of  instruction 

(1)    Tightening  procedure. 

•r 

4.    Prestart  checks. 

a*    Fuel,  oil  and  water  lines.' 

b.  Gaskets. 

c.  Fan  belt. 

d.  Lube  oil  Supply. 


INSTRUCTOR  ACTIVITY 


II. A. 4.  Encourage  students  to 
ask  questions  when  in  doubt. 


CM  "A"  IG  1.2.5 
STUDENT  ACTIVITY 


II .A. 4.  Conduct  pre- 
start checks* 


e.  Water  supply. 

f .  Electrical  connections. 

g.  Engine  mountings. 

h«    Adjustment  of  valve  lash, 
i.    Ignition  timing. 
5.    Operating  checks  and  adjustment: 
a.    Oil  pressure  ch^k. 
b«    Temperature  check. 

* 

c.  Charging  rate  check.  * 

d.  Final  valve  adjustment. 

e.  Carburetor  ddjustmeht. 

(1)  Air  adjustment. 

(2)  Idle  adjustment. 


II .A. 5.  Instructor  conduct 
Initial  starting  of  engine. 


II. A. 5.    Conduct  oper- 
ational checks  by 
monitoring  Instruttents 

Report  any  unusual 
noises  to  instructor 
immediately. 
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OUTLINE  OF  INSTRUCTION 
III,  Application; 


Assemble  a  6  cylinder  gasoline  engine  while 
working  as  a  member  of  a  two  man  team  using 
appropriate  hand tools,  special  tools,  shop 
equipment  and  materials,  conforming  without 
deviation  to  manufacturer's  specifications 
as  specified  In  Job  Sheet. 


INSTRUCTOR  ACTIVITY 


III. A.    Direct,  supervise  and 
evaluate  student  performance 
in  assembling  a  6  cylinder 
gasoline  engine. 


CM  "A"  IG  1.2.5 
LSTUDENT  ACTIVITY 


III. A.    Assemble  a  6 
cylinder  gasoline 
engine  while  working  as 
a  member  of  a  two  man 
team  using  appropriate 
hand tools,  special 
tools,  shop  equipment 
and  materials,  conform! 
to  manufacturer's  spec 


IV.  Summary. 
A.    Engine  assembly. 

1.  Routine  procedures. 

2.  Checking  bearings 

3.  Assembling  cylinder  head. 

4.  Prestart  checks. 

5.  Operating  checks  and  adjustments, 

V.  Test:  None. 


ific^tions  without 
deviation  as  specified 
in  the  Job  Sheet. 
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t 

NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME, -CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 

- 

•»              Claaaification;  Unclasaified 

> 

Tiiplc:    Gaaoline  Engine  Trouble.  Diagnoaia  and              Terminal  Objective:    Upon  completiop  of  this  unit 
Adjuatment                     '                                    ^ch  student  will  be  afele  to  diaaaaemble,  aasenjble, 

tune  and  adjust  a  six  cylinder  gasoline  engine 
Average  Tine:    10  Periods  (Class) ,  15  Periods  (Pract)    using  a  Ford,  240  cubic  inch  engine.    Using  appropriate 

handtools,  shop  equipment  and  materials,  he  will 
T«.^«,nr^n«-i  M-^ar^«^«!                         '                    .ccoaplish  this  task  in  accordance  with  Job  Sheet. 

/ 

t^.  Texts: 

1     Automotive  tfechanlcs.  6th  edition,  McGraw 
Hill  Book  Co.,  pages  337  -  389. 

2.    1969  Ford  Truck  Shop  Maaual,  Volume  2, 
Groups  9  and  13.  '  ' 

CM  "A"  JS  1.2.3.1,  "Gasoline  Engine  Disassemoiy, 
Inspection  and  Assembly"  and  CM  "A"  JS  1.2.6.1, 
^'Gasoline  Engine  Diagnosis  and  Adjustment".  Upon 
completion  of  assembly  and  tune-up,  the  engine  shall 
perform  with  an  ignition  timing  of  6°  B.T.C.,  dwell 
of  37°  -  42°,  idle  at  550  rpm,  intalce  manlfpld  of 
18  -  21  Inches,  oil  pressure  and  coolant  temperature 
in  normal  operating  range. 

3.    1969  Ford  Truck  Shop  Hanual,  Volume  3, 
Grojiips  14  and  15. 

B •    References :    None • 

C.    Tools »  Equipment  ana  riauerxaxs. 

1.  Tools. 

a.  Automotive  shop  tools. 

b.  Automotive  handtools. 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  test*  tune  and  troubU- 
shoot  a  six  cylinder  gasoline  engine  using  a  Ford, 
240  tubic  inch  engine.    He  will  use  appropriate  handtool 
and  test  equipment.    All  performance  will  conform  to  ^ 
procedures ^established  by  Job  Sheet  CM  "A"  JS  1.2.6.1, 
•^Gasoline  Engine  Diagnosis -and  Adjustment".  The 
engine  will  be  tuned  to  meet  manufacturer's  specif icatlo 
as  to  ignition  timing  of  6°  B.T.C.^,  dwell  37°  to  42°, 
idle  speed  550  rpm  and  intake  manifold  vacuum  of  18  -  21 
inches.    His  performance  will  comply  with  Job  sheet 
procedures  without  error. 

2.    Equipment  • 

♦ 

a.  Major, 

ERLC 

335              ,  • 

(1  of  27) 

336  ^ 

CM  "A"  IG  1.2.6 


(1)    Ford,  6  cylinder  gasoline  engines 
(12  each), 

3,    Materials  (consumable). 

a.  Cleaning  solvent. 

b.  Engine  oU. 

c.  ^,  Miscellaneous  engine  p^^rts* 


Criterion  Test:  Tune  a  6  cylinder  gasoline  engine  . 
to  meet  manufacturer's  specifications  as  to  ignition 
timing,  dwell  angle,  idle  speed  and  manifold  vacuum. 

Homework:    Read  Automotive  Mechanics,  6th  edition, 
pages  337  -  389. 


 <h — Wiping  ragh.  

4.    Test  equipment. 

a.  Battery  starter  tester  (6  each). 

b.  Tach-dwell  meter  (12  each). 

c.  Timing  light  (12  each). 

d.  Compression  tester  (12  each). 

e.  Vacuum  gauge  (12  each). 

f.  Cooling  system  pressure  tester  (12  each). 

g.  Battery  hydrometer  (12  each)« 
Training  Aids  and  Devices: 

1.  Charts. 

a.    6002  -  Gasoline  Engine  Diagnosis,  Ford 

Service  Publications,  P.O.  Box  7750,  Detroit, 
Michigan  A8207.  ^  ^ 

■  (2  of  27) 
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1,    Locally  Prepared  Materiats: 

a.    Job  Sheet. 

(1)    CM  "A"  JS  1.2.6.1,  "Gasoline  Engine 
Diagnosis  and  Adjustment". 

E.    Training  Aids  Equipment:  None. 
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OUTLINE  OF  INSTRUCTION 
I.    Introduction  to  .the  lesson. 
A.    Establish  contact. 

1.  Name: 

2.  Topic:    Gasoline  Engine  Trouble 
Diagnosis  and  Adjustment. 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


CM  "A"  IG  1.-2.6 
STUDENT  ACTIVITY 


TTB": — Motivat6  Student. 


B.  Establish  readiness, 
-   '1.  Purpose.^ 

.2.    Assignment.  < 

C.  Establish  effect. 
1.  Value. 

»  ^.    Pass  course.' 

b.    Perform  better  on  the  jobl^* 
.c.    Get  advanced. 

d.    Be  a  better  Construction  Mechanic. 

D.  OvervijBw:  ' 


I.e.  Bring  out  need  and  value 
of  material  being  presented. 

i 


I.D.    State  learning  oi33ect;ives/ 

1.*    State  information  and 
mal<ferials  necessary  to  guide 
)^  student.  '  '  ] 
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OUTLINE  OF  INSTRUCTION 
II.  Presentation. 

A.    Battery  maintenance. 
X.  Cleaning. 

a.  Use  bristle  brush  on  top  of 
battery. 

b.  Use  acid  neutralizer. 

(1)    Baking  soda  and  water. 
^  c.    Use  of  terminal  brushes. 

2.  Inspecting. 

a.  Case. 

(1)    Check  for  bulging  and  cracks. 

b.  Connections.  n 

(1)    Check  for  looseness  and 
corrosion. 


c.  Hold-downs. 

(1)    Check  fdr  being  too  loose  or 
too  tight. 

d.  Water  level. 

(1)    Check  for  proper  level. 

(a)    Shottld  be  3/8"  above  plates, 
if  no  indicator  Is  used. 


It^STRUCTOR  ACTIVITY 


II. A.    Have  students  refer  to 
Automotive  Mechanics,  6th 
edition,  pages  337  -  34A  to 
follow  battery  maintenance 
procedures. 
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STUDENT  ACTIVITY 


II. A.    Rep^r  to  pages 
of  texjxas  directed 
by  the  instructor. 
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OUTLINE  OF  INSTRUCTION 

3.  Testing. 

a.    Specific  gravity. 

(1)    Correct  use  of  hydrometer. 

(a)    Hold  in  vertical  position. 

,(b)    Draw  in  electrolyte  until 
float  rises. 


(c)  Taking  reading  at  eye 
level* 

I 

(d)  Record  reading  along  with  ^ 
temperature  of  Talectrolyte, 

(e)  Make  temperature  correction. 

1,    Add  four  points  (.004)* 
.for  every  10°F  above 
90°F, 

2^   Subtract  four  points  (•004) 
for  every  10^  below 
90Of. 
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INSTRUCTOR  ACTIVITY 

II. A. 3.    Demonstrate  battery 
tests  using  hydrometer  and 
battery  starter  tester. 


CM  "A"  IG^ 1.2.6 
STUDENT  ACTIVITY 

II. A. 3.  Observe 
demonstration  and 
take  notes. 


Individual  cell  test  (If  battery 
construction  permits).  \ 

(1)    If  cell  falls  below  voltage 
of  1.5  or  if  there  is  a  dif- 
ference of  more  thani  .2,  volt 
between  cells,  recharge. 


II.A.B.b.  Have  student  conduct 
battery  tests. 


II.A.B.b.  Conduct 
hydrometer  test  and 
battery  capacity  testt 
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OUTLINE  OF  INSTRUCTION 
A.    Charging • 

a.  Constant  potential  (voltage) . 

(1)    Batteries  connected  in  parallel. 

b.  Constant  current. 

(1)    Batteries  connected  in  series. 
5.    First  aid  and  safety  prefcautions. 
a.    Acid  bums. 

(1)    Always  wear  protective  clothlxi^ 

(a)  Goggles  or  face  shield. 

(b)  Rubber  apron. 

(c)  Rubber  gloves. 


(2)  If  one  of  your  men  is  bumetj 
by  acid,  keep  calm  and  apply 
first  aid. 

(a)  Douse  burned  area  with 
large  amounts  of  water. 

(b)  Apply  a  solution  of  baking 
soda  and  water  or  ammoni^ 

'  and  water. 

(c)  Check  into  nearest  dis- 
pensary for  further 
treatment . 
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INSTRUCTOR  ACTIVITY 

II. A. A.    Explain  operation 
of  constant  potential  charg- 
ing *nd  constant  current 
charging  systems. 


CM  "A'^IC  1.2.6 
STUDENT  ACTIVITY 


NOTE:    Take  class  to  shop. 
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oOtxine  of  instructioh 

b.   , Electric  shock. 

(1)  Treat  all  electrical  clrculta 
as  hot  circuits* 

(2)  If  someone  suffers  electric 
shock,  try  to  keep  calm* 

(a)  De-energlze  circuit,* 
;  then  release  victim 

from  contact* 

(b)  Begin  artificial  respir- 
ation If  Tlctlm  Is  not 
breathing* 

(c)  Keep  victim  quiet  after 
normal  breathing  Is  re- 

^         '  established* 

(d)  Treat  for  shock* 

(e)  Treat  bump* 

(3)  Call  for  medical  attention  as 
soon  as  condition^  permit* 

B.    Inspection  of  cranking  system  components* 

1,.    Check  connections  and  wiring* 

a.  At  motor  terminal* 

b.  At  solenoid  or  magnetic  switch 
terminal  * 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.6 
STUDENT  ACtlVITY 


/ 


II. B*    Direct  class  to  remove 
batteries  from  training  aid 
engines  * 

Place  batteries  on  charge  and 
adjust  charging  rate. 

Demonstrate  voltage  drop  test 
of  cranking  system* 

27) 


II. B*    Remove  batteries 
from  training  aid 
engines  and  place  on 
bench* 

Observe  hook-ups  and 
setting  of  charging  ', 
rate* 

Observe  demonstration 
and  take  notes* 

■  • 

(Joi;iduct  voltage  drop 
test  of  cranking  systen 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.6 
STUDENT  ACTIVITY 


(1)  Check  for  frayed  and  broken 
wire. 

(2)  Check  for  crafcked  and  w^m 
Insulation* 

c.    At  battery  tetminals. 

2.  Motor  brushes. 

a.  Check  for  worn  brushes* 

b .  Check  brush  spring,  holders . 

(1)    For  looseness,  distortion,  etc. 

3.  Controls. 

a.    Check  for  corroded  and  loose  terminals* 

(1)  Magnetic  switch. 

(2)  Solenoid. 
Cranking  motor  maintenance* 

1.  ;    Servicing  of  commutator  and  brushes. 

a.  Check  for  burned  commutator  bars. 
(1)    Clean  with  "00"  sandpaper. 

b.  Replace  brushes  if  less  than  half 
original  length. 

2.  Check  bendlx  for  freeness*  . 


II. C.  Demonstrate  cranking 
motor  maintenance. 


II. C.  Conduct  cranklnj 
system  maintenance. 


ERIC 


35  i 


(9  of  27) 


352 


OUTLINE  OF  INSTRUCTION 

3.  Check  over-running  clutch  for 
slippage. 

a.    Check  for  rough  turning  pinion. 

It  , 

4.  Clean  and  oil  drive  mechanism. 

D.  Servicing  A.C.  charging  system  (alternator). 

1.  Wiring  and  connections. 

a.    Check  wiring  and  connections  for 
corrosion  and  breaks. 

2.  '  Drive  belt/ 

A.    Improper  adjustment  and ''alignment. 

(1)  Adjust  to  manufacturer's 
specifipations. 

(2)  Ensure  pulley  alignment  is 
correct. 

(a)    Reduce  belt  flexing. 

E.  Regulators. 

1.  Removal  and  replacement: 

a.    When  defective  and  not  operating 
correctly. 

2.  Polarization:    (D.C.  charging  system). 

a.    Standard-duty  generators 
(Circuit  "A'O* 


INSTRUCTOR  ACTIVITY 


CM  "A''  IG  1.2.6 
STUDENT  ACTIVITY 


II. D.    Point  out  that  alter- 
nator requires  very  little 
maintenance  except  for  clean, 
tight  connections  and  proper 
belt  tension. 

NOTE:  ^Emphasize  these  A.C. 
cautions: 

1.  DO  NOT  ground  the  field 
circuit  with  the  ignitioti 
switch  turned  "6n",  this  will 
blow  the  fuse  wire  in  the 
regulator  and  could  ruin  it. 

2.  DO  NOT  operate  engiiie 
with  battery  dlscoxinected. 

DO  NOT    attempt  to  polarize 
an  alternator.    This  could 
seriously  damage  the  equip- 
ment. 


Partit:ipate  tn^^jiis- 
cussion  and  taflke  notes.^ 
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OUTLINE  OF  INSTRUCTION  .  1     "  INSTRUCTOR  ACTIVITY  STUDENT  ACTI^m 

(1)  Polarize  before  starting  engine..  ^ 

(2)  Connect  jumper  wire  to  battery 
terminal  of  the  regulator  and 
touch  or  strike  the  other  end 

to  the  armature  terminal  of  ^ 
regulator .  ' 

b,    Heavy--duty  generators  (Circuit  "B"^; 

(1)  Polarize  before  starting  etigine,  * 

(2)  Disconnect  field  lead  from  the 
field  terminal^f  regulator  and 

touch  or  strike  the  battery  v  >  ?^ 

terminal  of  regulator. 

F.    Servicing  D.C.  generator. 

1.  Worn  or  broken  brushes. 

a.    Replace  if  broken  or  worn  more  than 
half  the  original  length. 

2.  Seating  of  new  brushes. 

a.    Make  sure  brushes  have  at  least 
50Z  contact. 

^       b.    Use  sandpaper  or  seating  stone. 

3.  Armature  and  bearings, 
a.    Worn  shaft  and  bearing. 

(1)    Inspect  for  alignment  and  wear. 

'355     ^  (11  of 
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OUTLINE  OF  INSTRUCTION  '  .INSTRUCTOR  ACTIVITY' 

.  (2)    Replace  shaft  and  bearings.  * 

b.    I^>08e  or  damaged  windings, 

(1)    Replace  armature  and  shaft • 

G.    Inspection  and  servicing  the  Ignition  system.    II. G,    Have  class/ refer  to 

Automotive  Mechanics,  ^th 

1,    Battery,  cables  and  terminals. 


a.    Check  for: 


1 


(1)  Battery  condition. 

-< 

(a)    Specific  gravity  and 
voltage  of  cells, 

(2)  Broken,  loose  or  corroded 
terminals , 

2.    Ignition  coil. 

-  a.    Corroded  terminals. 

(1)    If  found  clean  -  malce  tight. 

b.  *  Cleaning  of  high  tension  terminal 

socket. 

(1)    Use  special  wire  brush  designed 
for  this  Ob. 

c. -    Replacement  of  faulty  coll. 

(1)    According  to  manufacturer's 
^    ,  specifications.' 
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edition,  chapter  15  for  view 
illustrations  showing  service 
points  of  ignition  system. 


CM  "A"  IG  1.2.6 
STUDENT  ACTIVITY 


I  I.e.    Refel:  to  pages 
in  text  as  directed  by 
Instructor. 
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INSTRUCTOR  ACTIVITY                       STUDEKT  ACTIVITY 
OUTLINE  OF  INSTRUaiOH  o  INSTRUCfOK  AUiiviix   

3,  Distributor. 

a.  Preliminary  check  of  centrifugal 
advance  mechanism*  ^ 

(1)  Check  for: 

t 

(a)  Weak  springs. 

(b)  Sticking  advance  weights.  ^ 

(2)  Cleaning  of  sticking  weights. 

(a)    Remove  abd  use  solvent  In  ,  ^  , 

cleaning. 

b.  Checking  and  servicing  vacuum  advance. 
(1)    Check  for: 

.  (a)    Leaking  diaphragm. 

(b^    Broken  spvtags*^ 

.   (e)    Repiiice  a  fai^tx  vacuum 

'   'jtdvtoce  iectuujism  if^ troufele^  7^  ^ 
^  cannot  be  corrected.       .  '^'^^^^^-^^^-^-w^^..^ 


f  c.    Breaker  points. 

(1)    Replacement  of  points. 

(a)    Burned  and  pitted  points. 
Incorrect  spring  tension. 
^  (c)    Alignment  of  points. 
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OUtLIWE  OF  INSTRUCTION  ' 
d.  Condenser. 


INSTRUCTOR  ACTIVITY 


CM  "A"  10,1.2.6 
STUDENT  ACTIVITY 


(1)    Replacement  of  faulty 
condenser. 

(a)    Check  manufacturer's 

Bpeclflcatlons  for  proper 
condenser  to  use* 

e«    Distributor  cap  and  rotor. 

(1)  Inspect  cap  for  cracks. 

(2)  Inspect  and  clean  terminals. 

(3)  Inspect  rotor  for  cracks  and 
corrosion. 

f .    Distributor  timing: 

(1)  Renoval  and  Inistallation  of 
distributor. 

(a)    Varies  between  engines, 
check  manufacturer's 
manual. 

(2)  Wiring  of  distributor. 

'   (a)  .  Check  manufacturer's 

specifications  or  manual.    ■ , 

(3)  Timing  distributor. 

(a)    Varies  cons^lderably,  check 

manufacturer's  spiecifications. 


II.G.3.f.  Demonstrate  dis- 
tributor service  and  timing. 
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OUTLINE  OF  INSTRUCTION 


H> 
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(4)    Checking  distributor  timing 
using  stroboscoplc  timing 
light- 

(a)    Varies  with  different 
/     engines »  check  manufactur- 
er's aanual* 

g.    Spark  plugs. 

(1)  Removal. 

(a)    Use  proper  spark  plug  to6l* 

(2)  Inspection. 

(a)    Check  for  burning,  carbon, 
cracked,  porcelain,  etc. 

(3)  Cleaning  and  testing. 

(a)    Use  spark  plug  cleaner. 

(4)  Gapping  and  installation. 

(a)  Use  wire-type  spark  plug 
gauge.  . 

* 

(b)  Tighten  to  obtain  good 
seal. 

Engine  test  and  tune-up. 

1.  Normalizing  engine  temperature. 

2.  Check  of  Instruments. 
a.    Oil  pressure. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.6 
STUDENT  ACTIVITY 


II. H.  „Have  students  refer  to 
Automotive  Mechanics,  6th  edition 
chapters  26  and  27  covering 
trouble-shooting  and  tune-up. 


Direct  student  practice  in 
engine  tune-up. 
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Practice  tuning  Ford 
6  cylinder  gasoline 
engine. 

364 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(1)    If  oil  pressure  does  not  come 
up,  secure  engine  immediately • 

b.  Charging  rate, 

(1)    Should  show  a  charge,  if  not, 
secure  eagine,  check  battery 
cables  and  polarize. 

c.  Engine  temperature, 

(1)    skouid  rise  to  near  normal 
reading. 

3,    Compression  test. 

a.  Removal  of  all  spark  plugs. 

J 

b.  Compression  test  (dry). 

(1)  Procedure. 

(a)    Open  t^hrottlc  to  widest 
position. 

.    (c)  Apply  ^tTrfs-ifits^T^iug^..- 

(d)  Turn  engine  using  starting  ^   .  . 
motor. 

(e)  Gauge  dial  will  register 
compression.  .  ' 

3 Go  *     (f)    Check  all  cylinders. 

*  ' '      s  ' 
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OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  1.2.6 
STUDENT  ACTIVITY 


367 


(2)    Recording  of  reading. 

(a)    Record  for  comparison, 
c.    Compression  test  (wet). 

(1)  Employ  oil-check  method.  ^ 

(a)    If  more  than  ten  pounds 

variation  between  cylinders. 

(2)  Recording  of  readings. 

(3)  Comparison  with  dry  readings, 
d-    Interpreting  readings; 

(1)  Faulty  valves. 

<^ 

(a)    If  lov  reading  with  oil- 
check;  indicates  valves. 

(2)  Faulty  rings  and/or  cylinders. 

(a)         oil-check  raises  reading  , 
-considerably;  indicates 
piston  rings. 

<b)    Low  reading  on  two  adjacent 
cylinders;  may  indicate  - 
blown  head^ gasket. 

Vacuum  ,^ests : 

a.    Steady  and  fairly  high  (18  to  21  iixches) . 
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TMSTRUCTOR  ACTIV.ITY  -        STUDENT  ACTIVITY. 

OUTLINE  OF  INSTRUCTION  "  ^  

(1)    Normal  engine. 

Steady  and  low  indicates:  ^ 

« 

(1)  Late  ignition  timing.,  > 

(2)  Leakage  around. pistons  and/or 
rings.  ^  '  ,  '  K 

c.  Very  low  indicates: 

(1)  Leaky  intake  manifold  gasket. 

(2)  Leakage  around  valve  stems. 

d.  Oscillations  of  needle  increasing 
with  engine  speed  indicates:  , 

(1)    Weak  valve  springs. 

e.  Gradual  falling  back  toward  zero,  '  N 
with  engine  idling  j^ndicates: 

(1)    Restriction  in  exhaust  system.  * 

f .  Regular  dropping  back  indicates: 

(1)  Valve  stuck  open.  • 

(2)  Plug  not  firing.  .  • 
— -u.          g.    Irregular  dropping  back  indicates: 

^  '  (1)    Sticking  valves. 

h.    Floating  motion  or  slow  oscillation 
J6i9  -indicates:  ^  i  \J 

ERIC  -  ;         (18  of  2^) 
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ACTIVITY 


(1)    Rich  fuel  mixture. 


(2)    Late  valve  timing. 

1.    Racing  of  engine  and  quickly  closing 
throttle.  - 

(1)  needle  swings  momentarily  ' 
around  Z3  -  25  Inches »  compres- 
sloui  is^-good  .  -  - 

(2)  Reading  below  23  -  25  Indicates 
possible  trouble  with  rings  ,^ 
pistons  or  cylinders  (valves). 


I.    Dlagno^lng>^glne  trpubles.  ^ 
1.    Engine  will  not  turn  over* 

a.  '  Turn  on  head  light  switch. 

b.  Close  cranking  motor  switch. 
(1)    Lights  stay  bright. 


3^^ 


(a)    Open  circuit  between 
battery  and  starter. 

(2)    Lights  dim  considerably^  * 

(a)  '  Battery  run  down. 

1.    Check  with  hydrometer, 

(b)  Mechanical  trouble  in 
starter. 

1.    Motor  pinion  may  be 
jammed* 


^  ■ 

II. I. '  Utilize  chart  6002  to 
show  trouble  diagnosis.  ^ 
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OUTLINE  OF  INSTRUCTION  ^  .      INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 
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(c)    Mechanical  trouble  in 
engine. 

1,  Frozen. 

a»    Broken  parts.  i 
b.    lack  of  lubrication. 

(3)  Lights  dim  slightly. 

(a)  See  if ^armature  rotates,  i 

wheh^ switch  is  closed.  ^ 

1,  Drive  pinion  may  not  be 
engaging. 

2.  Excessive  resistance  in 
circuit. 

(4)  Lights  go  out. 

'   (a)    Bad  connection.  " 

1^   Probably  at  battery 

terminal.  '  ■  ' 

•  ^  »  ♦ 

(b)  Lights  bum  dim  or'  go  out  -  -  ^ 
before  startei*  switch  is,  '  >         '  r 

"  closed. 

'        1^   B^tfery  has  a  low  state 

.  of  charge.  , 

a.    Check  with  hydrometer. 
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TN'JTWIirTOR  ACTIVITY                    '  '  STUDENT  ACTIVITY 
OUTLINE.  OF  INSTRUCTION  *  INSTRUCTOR  ALilvxii  


2,    Engine  turns  slowly  but  does  not^^staiX*.   _   ^  

a.  Battery  may  be  in  low  state  of 
charge. 

(1)    Check  with  hydrometer^ 

b.  Cranking  motor  defective.      7  . 

c*    Mechanical  trouble  in  engine. 

'  3.    Engine  turns  over  normally  but  does  not 
start* 

a.  Battery  and  cranking  motor  satisfactbryT 

b.  Trouble  in  ignition  system. 

(1)'  Ctieck  by  holding  a  plug  wire 

3/16"  from  block  while  cranking,  --v 

(a)  Spark  occurs,  ignition 
system  is  normal. 

(b)  No  spark  occurs,  ignition  ^ 
trouble.  ^ 

, Trouble  in  fuel  system. 

^l)    Try  priming  engine. 

m 

(a)    Starts,  but  does  not 

continue  to  min.  ^ 

1^    Check. fuel  pump  delivery. 
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OUTLINE  OF  LSSTRl'CTION     *  INSTRUCTOR  ACTIVITY'  STUDENT  ACTIVITY 

(b)    Does  not  start,  valve 
^  '     '       action  may  be  faulty  1  '  '        *   ^-^ 

y  • 

(2)    Automatic  choke  may  be«  Inoperative. 

(a)  Choke  should  be  open  on  hot 
engine. 

(b)  Choke  should  be  closed  on 


cold  engine.    ^  ~  * 

4.  Engine  runs  but  misfires. 

a.  Locate  missing  cylinder  by  shorting 
;  one  spark  plug  at  a  time. 

b.  Check  spark  at  missing  cylinder. 

4 

(1)  Weak  or  no  spark  Indicates: 

(a)    Defective  insulation >  cable 
or  distributor  cap. 

(2)  Good  spark  indicates  possibility 
of  bad  plug. 

^  (a)    New  plug  fails  to  correct 

•  condition. 

1,    Cause  probable  valvea^^ 

5.  Engine  lacks  power»  acceleration  and/or 
high  speed  performance. 

\J 

a.  Difficult  to"  analyze  since  complaint 
377  ^®  vauge. 

b.  Probable  causes: 
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  (1)   Ignition,  system  causes: — •      .     ^    -  - 

(a)    Improperly  timed.       ^ — ' 

(2)  Fuel  system  might  be  cause. 

(3)  Restricted  exhaust. 
^  -  -        ~          C4T  TJragglDg  brakes^ 

(5)  Under  inflated  tires. 

(6)  Overheating. 

(7)  Defective  automatic  choke.  , 

(8)  Manifold  heat-control  valve  not  *  *^ 
operating  ^ 

(9)  Sticking  valves. 
6»    Engine  overheats.. 

Probable  causes:  ^  « 

\ (1)  Lack  of  coolant .  . 

(2)  Inoperative  pi^p.  ' 

(3)  Defective  thermostat., 

(4)  Restricted  radiator.  ,        *  ^ 

(5)  Water  jackets  scaled  over.  »  ^ 

(6)  Loose  fan  belt. 

^  •        ^  ■  •  380 
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(7)  Improper  ignition  timing. 

(8)  Lack  of  lubricating  oil. 

7.  Rough  idle. 

a.  Idle  ad^b^ting  screw  not  properly  set, 

b.  Dirty  spark  plugs. 

8.  High  fuel  consumption,  ^ 

a.    Same  basic  causes  as*  engine  lacks 

power,  acceleration  and/or  high  speed 
performance •  * 

9.  Bngine  pre-i^ition  or  backfiring, 
a.    Profcab^le  causes. 

(1)  Ingproper  ignition  timing. 

(a)    Check  with  timing  light. 

(2)  Carbon,  sharp  corners  or  otlfer 
"hot  spots". 

(3)  Extremely  hot  valves. 
.J.    Engine  noises: 

1 .    Valve  and  tappet  noises  .<  " 

a.    Caused  by  excessive  clearances. 
(1)    Adjustil'to  specifications. 


INSTRUCTOR  ACTIVITY 


■CM  "A"  IG  1.2. -6 
STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCriON  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

2.  Spark  knock • 

a.  Pinging  or  clattering  noises.     -     .  ,  ^  ' 

(1)  Mos^t  Tioticeable  during  acceler- 
ation. 

b.  Probable  cause.  '  '  - 

J  :  (IX  --Aivahcei  t  iming .    -  ^         ^  ^   

(2)  Fuel  with  low-octane  rating.  ' 

3.  Connecting  rod  noise. 

.... 

a»    Light  knojjjting  or  pounding  noise.  * ^  

(1)    Most  noticeable  at  high  RPM's, 

no  load.   -  ,  ♦      '  *  '  / 

b.  Can  be  pinpointed  by  shorting  out  one 
plug' at  a  time.  , 

c.  Probable  causes. 

(1)  Worn  bearing  or  crankpin. 

(2)  Excessive  bearing  clearance ^ 

4.  Piston  pin  noise.  -J  .  ^  ^  i  - 

a.  Similar  to  tapp.et  noise.  •         .    '  ^ 

(1)    Has  characteristic  double-  •  ,       •  *  , 

knock. 

b.  Most  noticeable, at  idle.  ,  ' 

(  (25  of  27) 
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c.  Prob'able  causes: 

(1)  Worn  or  loose  pin. 

(2)  ,Wom  pin  bushing. 

5.  Piston  slap. 

*a.    Muffled,  hollow,  bell-like  sound. 

^  b.    If  it  occurs  only  with  cold  engine, 

it  should  not  be  considered  serious.  ' 

If  present  at  all  tlioes,  further 
investigation  is  indicated.  ^ 

d.  Probable  causes.  * 

(1)  Worn  cylinder  walls. 

(2)  Collapsed  piston  skirts. 

(3)  Excessive  piston  clearance. 

6.  Crankshaft  knock  (main  bearings^ 

a.  Heavy  and  dull  metallic  knock. 

b.  •Most- noticeable  when  engine  is  under 
heavy-  load  or  accelerating. 

(1)    ParticuJtarly  audible  wh^engine 
is  cold.  _  . 


c.    Regular  noise  indicates  worn  main 
bearings.  ^ 


\  ^   


INSTRUCTOR  ACTIVITY 


NOTE:  Direct  student  practice 
in  engine'  trouble-shooting. 
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NOTE:  Practice  engini 
trouble-shooting  pro- 
cedures as  directed  b^ 
instructor. 


388 


OUTLINE,  or  IMSTMJCTION 


Irregular  nol^  probably  due  to 
vom  thnist  bearlxig* 

(1)    This,  CjEm  cause  noise  to  be 
^  most  audible  when  clutch  Is 


engaged  or  disengaged. 


Application. 


A.  ^SfmxB  a  6  cylinder  gasollixe  engine  to  wmmt 
wumf acturer *  a  apaclflcatlona  as  to  ignition 
ti»lng>  dvell  an^le,  idle  speed  and'' 

,       aanifold  vacuum. 

Suamary/  '  ^ 

^       A.    Battery  maintenance.  ^ 

Inspection  of  cranking  system  components. 
C*    Cranking  motor  maintenance. 
D.    Servicing  A.C.  charging  system  (alternator). 
£•  ^gulators. 

< 

F.  Servicing  D.C.  generator. 

G.  Inspection  and  servicing  the  ignition  system. 
Engine  test  and  tune-up. 

I.    Diagnosing  engine. troubles. 
J.    Engine  noises. 
V.    Test;.  .  , 

A.    Written  end-of-unit  test. 


INSTRUCTOR  ACTIVITY 


■  \ 


III. A.  Direct,  supervlae  and 
evaluate  stu^tat  performanc. 

during  use  of  CM  "A"  JS 
1.2.6.1. 


CM  "A" 
STUDENT  ..JtIVIT? 
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III  .A.    Tune  6  cyltadf 
gasoline  engine  to 
meet • manufacturer ' • 
apeclf  IcadoBS  aa  to  ' 
Ignition  tlnlng,  dvel3 
angle;  Idle  spea^ 
manifold  vacuum  as 
specified  In  CM  "A"  J{ 
1.2.CL. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEHE,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-6 10-0022 

\ 

INFORMATIpN  SHEET 

TITLE:    Study  Techniques 

A,  Benefits  of  good  study  techniques. 

1.  Economy  of  time  and  effort  in  the  proper  study  habits. 

2.  Study  techniques  to  help  retain  material  taught* 

B.  Factors  contributing  to  good  stqdy  techniques. 
1.    Favorable  environment. 

a.  Physical. 

(1)  Freedom  from  fatigue. 

(2)  Being  physically  fit. 
,  (3)    Being  comfortable. 

(4)    No  undue  environmental  distractions. 

b  •    Mental . 

(1)  Material  must, have  meaning. 

(2)  There  must  be  a  definite  purpose  or  aim  and  the  outcome 
must  be  worthwhile. 

1.    Regular  s^udy  habits. 

a.  Place. 

b.  Time. 

3.  Improve  concentration, 
.a.    Resist  distraction, 
b.  .Read  for  specific  purpose. 

4.  Improve- reading  ability. 
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a. 


Read  carefully  and  thoughtfully. 

Ask  the  question:  '*Do  I  understand  what  I've  read?" 
Practice  increasing  speed  in  reading. 


d. 


Repetition. 


(1)    Overall  thoughts^ 


(2)  Sentences. 


Hav6  an  outside  interest  such  as  sports,  hobbies,  etc. 


6. 


Take  an  interest  in  what  you  are  doing. 


7. 


Readiness  and  interest  for  study. 


8.    Take  notes.  • 

a.  Have  a  physical  and  mental  attitude  of  attention^ 

b.  Beware  of  taking  too  many  notes. 

c.  Notes  should  be  taken  in  an  organized  maimer. 

d.  Take  notes  in  a  permanent  legibl?  form. 

e.  Review  notes  as  often  as  possible. 
Techniques  in  taking  a  test. 

1.    Preparing  mentally. 

a.    Long  range  preparation. 

(1)    The  best • preparation  for  examinations  consists  In 

thorough  day  by  ^ay  preparation.  Light  study  and  shori 
rest  before  the  examination  will  enable  the  student  to 
attack  the  questions  with  least  confusion  and  greatest 
clarity  of  mind. 

b^.    Immediate  preparation  (cramming) . 

(1)    Efforts  to  acquire  in  a  few  hours  or  days  of  frantic 
effort  what' shotfld  have -been  learned  by  systematic 

effort  over  a  Idng /period  of  time; 

<  * 
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2.  Preparing  emotionally  -  "Test  Nerves". 

a.    Long  range  preparntlon  with  light  study  nnd  much  re»t  before 
examination  will  eliminate  much  anxiety. 

3.  Taking  examinations  in  general. 

a.  Understand  purpose  of  examinations. 

b.  Read  and  obey  all  rules  and  directions. 
•    c.    Be  there  -  be  ready. 

d.  Look  over  entire  test  quickly  before  answering  any  questions. 

e.  Budget  time.  ^ 

(1)    Don't  spend  too  much  time  on  any  given  test  item. 

4.  Objective,  or  short  answer  test. 

'      a.    General  hints  for  objectives  type  test. 

(1)  Easy  questions  fir§t. 

(2)  Mechanical  errors.  „  .  *  • 

(3)  Changes  -  carefully  consider  changing  an  answer  since 
first  considerations  are  most  generally  correct.  If 
change  is  desired,  make  sure  erasures  are  complete 
avoiding  possibility  of  two  answers. 

b.  Hints  for  true-false  test  items. 

(1)  V  Know  scoring  rules . 

(2)  Do  not  rely  on  patterns. 

*  (3)    Be  on  guard  for  negative  wording,  the  word  "not"  can 

change  the  entire  meaning  of  the  statement. 

(4)  Do  not  be  misled  by  partly  false  statetdents.    If  any 
part  of  the  statement-  is  false,'  the  entire  item  is 
false. 

c.  Hints  for  multiple  choice  test  items.  • 

(1)  Determine  what  is  desired  by  the  item. 

(2)  Determine  if  correct' answer  is  listed  among  choices. 
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(3)    If  correct  answer  is  not  listed  then  select  the  most 
nearly  correct  statement*  %  ' 

9 

d.    Hints  for  matching  test  items*  ^ 

(1)  The  suggested  answer  list  will  be  less  than  the  number 
of  items  in  the  question  list* 

(2)  Eliminate  known  items  first*  ^ 
Essay  t3^e  examinations* 

a*    Study  the  question* 

b*    Briefly  outline  the  answer  before  writing  it* 
c*    Write  answer* 
d*    Recheck  answer* 

Maintain  own  record  of  achievements  for  review* 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  "A"  IcHOOL  TRAINING  COURSE  A-610-0022 

INFORMATION  SHEET 

TITLE:    Safety  Policies 

A.  .  Safe  handling  and  use  of  equipment. 

1.  Electrical. 

a.    Good  ground  connection. 

b     use  propfr  cord,  one  capable  of  carrying  enough  current 
-to  operate  the  device  you  are  operating.  , 

c.    Use  power  tools  within  their  rat^  capacity. 

2.  Fuels. 

a.    Keep  in  closed  well "marked  containers  (safety  cans). 
-      b.    Store  in  area  well  away  from  open  flames  or  operating 


«      ^   equipmetft .  ^ 

B,  Safe  handling  and  use  of  materials. 

1.  Proper  lifting  equipment. 

a.    Use  lifting  equipment  for  heavy  loads  -  hoists,  jacks, 
^    chain  falls,  etc. 

2. '    Proper  moving  equipment. 

a.    Dollies,  trucks,  etc.  . 

C,  Personal  safety  indoors  and  out. 
1.    Tripping  hazards. 

a.  Door  sills. 

b.  Miscellaneous  low  equipment,  etc* 
I.    Slipping  hazards. 

a.    Grease,  oi  L  etc.  • 


(  I  ol  ■•) 
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0.  ^  Eye  hazards. 

a.  Welding*  ' 

b.  FlyLng  partlcb^H  wUen  grinding,  hammering,  etr, 

c.  ^^M^ing  electrolyte. 

4.  Acids  (sulfuric). 

*>  *  « 

a.  Always  pour  acid  into  water. 

b.  Wear  protective  clothing. 

5.  Toxic  fum^s. 

a.    Keep  spaces  well  ventilated* 

6.  Compressed  air. 

a.  Never  play  with  air  hose,  practical  jokes  with  an  air 
.    nozzle  can  cause  instant  death  or  painful  injuries. 

b.  n^eep  nozzle  pointed  down  away  from  eyes. 

D.  Avoiding  and  eliminating  fire  hazdrds. 

1.  Cleanliness. 

a.    Keep  floors,  benches,  etc.  clean. 

2.  Proper  stowage  of  material. 

a.  Keep  gasoline  in  closed  gas  cans.  ' 

b.  Use  waste  rag  containers. 

(1)    Never  leave  dirty  or  oily  rags  loose.  ^ 

/ 

E.  Methods  of  reporting  accidents  and  fires. 
1.    Reporting  procedures. 

"a.    Must  be  reported  to  the  insi  ructor  even  though  no  personal 
injury  is  incurred. 

b.    Cause  must  be  detenfffhed. 

(1)    To  prevent  reoccurance^^of  similar  accidents. 
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2.    Corrective  action^  ^    -    -    ,  _ 

^a.    First  aid  as  required, 
b*    Fighting  fires  as  required. 

(1)    Know  the  fire  bill.        -  ' 
<2)    Know  location  of  fire  extinguishers  and  alarms. 
F.    Introduction  to  class  safety, man. 
1.    Point  out  and  stress. 

V 

.  a.  Duties. 

(1)    As  outlined  in  NAVCONSTRACENINST  1510. IB. 
b.    Responsibilities.     ,  v.  • 

(1)    Ensure  that  students  adhere  to  school  safety  policies  ) 
and  instructions  AT  ALL  TIMESl I ! ! ! ! ! ! 


/ 
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NAVAL  CONSTRUa'TON  TRAINING  CENTER 
.  PORT  HBENEHE^,  CALIFORNIA    930^3  v       ;  ^ 

CONSTRUCTION  MECHANIC  "A^'  SCHOOL,  TRAINING  COURS^^-610-0022^  . 

'    ,  '  ■  '  }  ' 

.   ,     •  INFORMATION  SHEET 

TITLE:    Internal  -Combustion  Engine  Principles 
,A.    3asic  components  and hnechanical  principles.  j  I 

1 .  Cylinder  and  piston .     ,  ^  /  , 

a.'    The  burning  fuel  -  air  mixture  is  trapped  in  ^^^^^^l  ^ 
•between  the  cylinder  head  and  piston  crown.   ^S^sion  of. 
thft  burning  gases  forces  the  piston  downward  transmitting 
power  to  th^wconnecting  rod.  . 

2.  Conbecting  rod  and  crankshaft.  . 

-a.    The  connecting  .rod  changes  the  reciprocating  motion  of  the 
"  ■  'piston  to  the  rotary  motion  of  the  crankshaft.  f 

3.  Valves  and  operating  mechanism. 


a. 


Intake  valvetf  -  permit  air  and  fuel  mixture  to  enter 
cylinfier  during  the  intake  stroke. 


b.    Exhaust  valves  -  permit  the« exhaust  gases  to  escape  during 
the  exhaust  stroke .  , 

.    c.    Opening  of  exhaust  and  intake  valves  is  accomplished  by  t 
action  of  the  camshaft  through  suitable  linkage  and  closed 
by  spring  tension.  .  ^ 

Engine  operation.    '     ^  .  -  • 

1.  Intake  stroke.  ^  '  ^ 

a     the  piston  inoves  down  from  T.D.C.  creating  a  vacuum  in  the 
*    cylirider.    The  intake  val^e  is  opeA,  so  the  mixture  of 
gasoline  and  air  rushes  through  the  opening,  ptlshed  by 
atmospheric  pressure  outside.  ^ 

2.  Compression  stroke.  •  ' 

'  From  its  bottom  position,  bottom  dead  center  (B.D.C.)  the 

■  piston  ^oves  upward^.  Th.  intake  valve  clc^ses  and  the  mixture 

.    is  compressed  in  closed  ,ead  of  the- cylinder. 

compressed  or  squeezed  to  a  pressure  of  perhaps  200  lbs  per 
square  inch  (PS I) . 
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3.  Power  stroke* 

'  -  " 

a..    The  spark  occurs,  the  burning  mixture  expands,  and  almost 
Immediately  the  pressure  jumps  to  600  to  700  PSI  three  or 
four  times  the  pressure  before  ignition.    With  a  piston  3  1/2 
inches  in  diameter,  the  total  pressure  on  the  top  will  be 
about  three  (3)  tons.    This  enormous  force  pushes  the  pistoir 
down,  which  of  course  makes  the  crankshaft  turn,  delive]^ing 
power  to  what  ever  is  connected  to  the  shaft.  ? 

4.  Exhaust  stroke.  '  *  y 

a.    Both  valves  have  been  closed  duringVhe  compression  and 
power  stroke,  but  now  the  exhaust  valve  opens.    Ad  the 
piston  moves  up  again  it  forces  the  exhaust  'gases  out  through 
the  passage  opened  by  the  exhaust  valve.    As  the  piston  gets 
to  the  top,  the  exhaust  valves  close  and  intake  valve  opens 
again,  ready  for  the  ^beginning  of  the  next  cycle. 

5.  Engine  timing.  ' 

.    -       a.    Valve  timing.  ^ 

*(1)    The  exact  time  in  the  engine  jqycle  when  the  intake  and 
the  exhaust  valves  open  and  close  in  relation  to^piston 
travel. 

(a)    UsU^ally  stated  in  terms  of 'Tiegrees^'o^  crankshaft 
rotation  before  and  afte^  TDC^and  BDC. 

n  b.    Ignition  timing. 

(1)    The  exact  time  the  spark  occurs  in  the  engine  cycle 
in  relation  to  piston  position. 

t 

C.    ^assification  of  engines. 

1.  By  cooling  3ystems.  ' 

V. 

a.  Air  cooled. 

b.  Liquid  coo4.ed. 

2.  By  cylinder  arrangements.  / 

a.  In-line.  •  T  , 
(1)    All  cylinders  cast  in  the  straight  line. 

b.  V-type. 

in.  a 
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(1)    Two  banks  of  cylinders  mounted  in.  a  'M^  shape^ above 
— ThircrankBhsrft;  
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Opposed  or  "flat"  block- 

(1)    Cylinders  mounted  in  two  side  rows,  each  opposite  a 
central  crankshaft. 

By  valve  arrangement* 

^a.  L-head- 

(1)-   Both  valves  in  b^ock  on  the  same  side  of  cylinders • 

b.  I-head. 

(1)    Valves  mounted  in  the  head  above  the  cylinders- 

c.  F-head. 

(1)    Intake  valves  located  in  the  head,  exhaust  in  the  block. 
Crankshaft  throw  arrangements,  ^.  > 

a.    Fbur  cylinder  in-line, 

1-4 


180^ 


(1)'   180°  between  throw;^;  180°  between  power  impulses. 

b.  Six  cylinder  in-line. 

■      1-6  ■ 
■  120° 

'3-4 

(1)    120°  between  throws;  120°  between  power  impulses.' 

c.  Eight gfylinder  in-line, 

1-8 


6-3 


j^90o 

_J   5-4 


2-7 


(1)    90°  -between  throws;  90°  between  power  impulses. 
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398 


CM  "A"  IS  1.2.1.1 


d.    Eight  cylinder  V-type. 

5-8 

90° 

»  1-4 


2-3 


(1)    90^ 'between  throws.  ^  < 

5.    Counter  balances  or  counter  weights, 

a.  Used  to'  dynamically  balance  the  crankshaft, 

b.  Located  opposite  the  crankshaft  throw  to  counter  the  weight 
of  the  crank  throw  and  connecting  rod, 

c-    Usually  forged  integral  with  the  crankshaft. 
Components  of  gasoline  engine  fuel  system. 

1.  Fuel  tank  -  fuel  storage. 

2.  FuelXiilters  -  removes  solids  and  collects  water.' 

3.  Fuel  pump  -  delivers  fuel  to  carburetors. 

4.  Carburetor  -  meters,  atomizes  and  vaporizes  fuel-air. 

5.  Intake  manifold  -  distributes  fuel/air  to  cylinders. 

6.  Fuel  lines  -  transports  fuels. 
Carburetion  principled. 

r.    Composition  of  air. 

a.  Composed  of  79  parts, by  volume  of  nitrogen,  21  parts  of 
oxygen  and  traces  of  other  gases. 

b.  Air  has  weight.  ^ 

(1)  About  14.7  lbs  per  square  inch  at  sea  level. 

(2)  Pressure  of  air  d4:reases  with  altitude. 
2.    Evaporation  (vaporization).^  ^  ^ 

_  _ ,  _  .  ,    „   . .  ^    
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* 

-  a.    -The  term  used  to  describe  the  action  that  takes  place  when 
a  liquid  changes  to  a  vapo-r. 

3.  Atomization. 

a.    The  breaking  up  of  the  fuel  into  a  fiae  spray  consisting  of  . 
tiny  droplets  of  gasoline. 

(1)  ^This  exposes  a  large  surface  to  air  for  rapid  vapor- 
ization. 
A.    Venturi  effect. 

a.  Hour  glass  shape,  creates  low  pressure  area. 

b.  Atmospheric%re^sure  forces  fuel  from  float  bovl. 
•     '  (1)    Airspeed  increases  and  pressure  decreases, 
r.    Carburetor  and  circuits. 

1.    Float  circuit.. 

a.    Controls  fuel  level  in  float  bowl. 
"  (1)    High  fuel  level  causes,. 

(a)  Rich  mixture. 

(b)  .  Fuel  too  near  end  .of  discharge  nozzle. 
(2)    Low  fuel  level  causes. 

(a)    Lean  mixture. 

f 

b.    contains  the  following  parts: 

(1)  Needle  valve  and  seat. 

(2)  Float  bowl* 

(3)  Float. 

(A)    Floar  bowl  vent  (external  or  internal) . 
2.    Idle  or  low  speed  circuit. 

Delivers  fuel  at  low  engine  speeds. 

(1)    While  idling  at  speeds  up  to  20  MPH  (approx.). 

b.  Operation. 
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.(1)    Low  pressure  area  created  by  intake  stroke.  / 

1:2)    Atmospheric  pressure  forces  fuel  through  low  speed 
circuit . 

*(3)    Delivers  fuel  below  throttle  valve.  .  ^ 
c.    Basic  parts  of"  circuit. 

<1)    Passage  from  float  bowl. 
.  (2)    Low  speed  jet. 

(3)  Economizer. 

(4)  Idle  port. 

(5)  Idle  adjusting  screw.  4 

High  speed,  part  load  (circuit)  .  '^'^^V 

a.  Supplies  fuel  during  change  from  low  speed  circuft  to  high 
speed  circuit. 

b.  During  operation,  the  lowest  pressure  point  changes  from 
idle  port, to  opening  of  high  speed  nozzle. 

c.  Basic  parts  of  circuit. 

(1)  Venturi. 

(2)  High  speed  no*^zle. 

(3)  Passage  fronfTfloat  bowl. 
High  speed  full  povrer  (circuit) . 

a.  Supplies  fuel  at  speeds  higher  than. 20  MPH.  ^ 

b.  During  operation,  lowest  pressure  point  will  l?e  at  the  high 
speed  nozzle* 

c-    Basic  parts  of  circuit.^  ^ 

(1)  Venturi. 

^  (2)    High  speed  nozzle.  '  .  ' 

(3)    Metering  rod  and  jet. 
d:  ~fypes~oI  MgH  sp6-ed-  f  ull  power  circuits.  v  . 
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(1)  Mechanically^  operated. 

(2)  Vocuum  operated. 

(3)  Combination  mechanical  and,  vacutm. 

NOTE:    These  circuits  allow  additional  fuel  to  flow  at  high  speed, 

5.  Accelerator  pump  circuit- 

a.  Supplies  additicnal  fuel  during  rapid  acceleration. 

b.  Mechanically  operated  piimp. 

(1)    Linked  to  accelerator  pedal. 

(a)    Does  not  depend  on  atmospheric  pressure. 
Basic  parts  of ^system. 

i' 

(1)  Pump. 

(2)  Inlet  check  valve.  ♦ 

(3>    Discharge  check  valve.  '  ^ 

(4)  Jet. 

6,  Choke  circuit.  /  j 

a.  Provides  rich  mixture  for  starting  cold  engine  and  during 
warm  up. 

b.  Reduces  opening  through  air  horn,  creating  a  lower  than 
atmospheric  pressure  at  main  nozzle. 

c.  Basic  parts.  J 

(1)  C)ioke  valve,  ^ . .  ' 

(2)  Choke  valve  shaft.' 

(3)  Automatic  or  manual  control.  '\ 

Fuel  pumps •  %  ' 

1.    Diaphragm  noi)-t>ositive  displacement  type  (mechanical  and 
-    el^ctnical) .  _.  '         '        -  /     -         '  . 

a.    Transfers  fuel  from  tank  to  carburetor. 
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h.    Construction^ and  nomenclature  of  parts. 

(1)  Rocker  arm. 

(2)  Diaphragm. 

(3)  Diaphragm  spring.  - 

(4)  Inlet  valve. 

(5)  Outlet  valve. 

(6)  Fuel  passages  and  chamber. 

c.  Inlet  stroke. 

(1)    Inlet  valve  opens>  discharge  valve  closes. 
.  (2)    Creates  low  pressure  area  in  pump  chamber. 
(3)    Atmospheric  pressure  forces  fuel  into  pump. 

d.  Return  sjtroke. 

(1)  Diaphragm  spring  tension  moves  diaphragm. 

(2)  Forces  fuel  to  carburetor. 

(3)  Only  delivers  fuel  when  needle  valve  is  off  of  seat. 

e.  Fuel  filter. 

(1)    On  pumps  with  fuel- filter  service  the  same  as  any 
other  fuel  filter. 

Intake  manifolds. 

1.  Purpose. 

a.    To  direct  the  fifel  and  air  mixture  to  the  cylinders. 
'  b.  Construction. 

(1)  '  Straight  'and  smobth  as  possible  to  reduce-chances  of 

condensation  and  reduce  friction. 

(2)  Keat  control  valve  (heat  riser) . 

(a)    To  help  promote  better  vaporization  of  the  fuel  by 
directing  exhaust  gases  through  a  passage  in  the 

"   ~"in take  manifold  thereby  Keartng"  the^base -of- the 

carburetor. 

403 
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Exhaust  manifold, 

1/    Purpose.  '  ^      '  ' 

a.    To  carry  exhaust  gases  aw^y  from  the  cylinders. 

2.  Construction., 

a.    Usually  cast  iron-free  of  unnecessary  bends. 
Lubrication  system  ot  components,  purpose  and  function. 
1,    Oil  pumps. ' 

a.    Are  positive  displacement.  '  ^ 
Types. 

(1)  Gear  type. 

(2)  Rotor  type. 

c.  Principles  of  operation. 

(1)  Gears  or  rotors  revolve  forcing  oil  into  pump  cavity 
and  around  gears. 

(2)  Gear  action  causes  pressure  which  forces  the  oil 
around  the  outside  of  each  gear. 

d.  Relief  and  regulating  valve. 

(1)  Prevents  excessive  pressure • 

(2)  Pump  delivers  more  pressure  than  required  then  valve  will 
open  allowing  excessive  oil  to  return  to  oil  pan. 

2.    Oil  gauges. 

a.    Pressure  gauge. 

(1)  Pressure  expansion  type. 
^    (a)    Bourdon  tube. 

(2)  Eleqtric  type. 

> 

(a)  Balancing  coil. 

(b)  Bimetal  thermostat. 
3.    Oil  strainers.' 


(9  of^l3) 

404 


CM  ••A*  lb  x.ii.X.i 

^a.  Purpose. 

(1)    TO  remove  larpe  p.rtlcles  of  dirt  and  sludge  from  oil 
before  entering  pump. 

Oil,  filters. 

a.    Types  of  filters.  . 

(1)  By-pass  t liter.  %  • 
(a)    Part  of  oil  to  system  and  part  to  filter. 

(2)  Full  flow  filter. 

(a)  "a11  oil  passes  through. filter  before  entering 
system. 

1^   Employs  a  valve  to  by-pass  filter  if  clogged. 
Crankcase  ventilators. 

a.  Breather  tube  method  (road  draft  tube). 
/(I)    Non-positive  (obsolete). 

b.  -  Positive  method  (positive  crankcase  ventilation). 

(1)  Draws  engine  crankcase  vapors  by  using  intake  manifold 
vacuum. 

(2)  (P.C.V.)  valve  must  be  cleaned  at  regular  intervals 
(flow  control  valve),. 

c.  Air  pump  system. 

Types  of  lubrication  systems, 
a.  Splash. 

(1)    Dippers  on  connecting  rod  bearing  caps. 
•  \     (a)  -Upon  each  revolution  of  crankshaft  enter  trays 
in  oil  pan. 

(h^    DiDoers  pick  up  oil,  lubricating  the  connecting 
rorSL'ings  and  splashing  oil  in  the  form  of  a 
.    fine  mist  lubricating  the  following  engine  parts 

1»    Valve  train. 

'         «rts£-pins-   ~- 
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3.    Cylinder  wa] Is. 
4^   Piston  rings. 
(2)    Qil  pump  provides  oil  from  sump  to  trays. 

b.  Pressure  feed. 

(1)    Oil  is  forced  from  sump  to  main  oil  gallery  from  there 
it  lubricates  the  following:  ^ 

(a)  Main  bearings. 

(b)  Connecting  rod  bearings. 

(c)  Cam  shaft  bearings. 

(d)  Wrist  pin. 

(e)  Valve  train- 

(f)  Cylinder  walls  (usually  from  spit  holes  in 
connecting  rod) . 

c.  Combination  splash  and  pressure  feed. 

(1)  Depends  on  both  systems  to  adequately  lubricate  engine. 
7.    Types  of  cooling  systems. 

a.  Gravity  circulation  (thermo-syphon) . 

(V)    Utilizes  theory  that  a  warm  liquid  expands  and  loses 

weight  and  will  rise,  while  a  cool  liquid  will  contract 
and  gain  weight  and  settle  to  the  bottom. 

(2)  Obsolete  and  unpractical  for  high  speed  engines. 

b.  Forced  circulation. 

(1)    Open  cooling  system. 

(a)    Marine  cooling  where  lake  or  ocean  water  is 
circulated  through  the  engine  cool'ing  system 
(outboard  motor  use) . 

~~~'^XT)    Closed  cooling  system.  "  . 

(a)    Radiator  employed  on  autos,  buses,  trucks, 
tractors,  etc 
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.  (b)    Heat  exchanger  -  used  on  marine  equipment  -  sea 
Water  Is  used  tC  cool  fresh  water*  in  cooling  ^ 
/  flystetn. 

C.    Types  of  coolants. 

(1)  Water. 

(a)  Additives. 

1.  Rust  inhibitor. 

2.  Anti-freeze. 

(2)  Permanent  coolant. 

(a)    Factory  installed, 
d.    Associated  parts  for  typical  automotive  cooling  systems. 

(1)  Radiator. 

Ca)    Tabular  type. 

1,  Vertical  tubes  for  coolant  flow. 

2,  Horizontal  fins  for  heat  transfer  from  tubes 
to  cooling  air. 

*o     (b)    Honeycomb  type  (cellular) . 

1,  Narrow  water  passages  formed  by  pairs  of  thin 
metal'  ribbons. 

2.  Passages  are  separated  by  air  fins  also 
constructed  of  metal  ribbon. 

* 

(2)  Pressure  caps, 
(a)  Purpose. 

1,    Permit  build-up  of  pressure  in  cooling  system 
to  increase  boiling  point  of  coolant. 

a.    Each  pound  built-up  raises  boiling  point 
about  3  l/A^F. 

^  b^   Blow  off  valve  permits  relief  of  excess 

pressure. 

 .        c>    Vacuum  valve  admits  air  to  enter  cooling 

system  while  engine  cools. 
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^  (3)    Fan  and  shroud. 

(a)  fan  (two  to  eight  blades) ♦ 
!•    Draws  or  blows  air  through  radiator • 

(b)  Shroud. 

1^    Assures  that  all  air  moved  by  the  fan  passes 
through  radiator ♦ 

(4)  Thermostats 
(a)    Temperature  sensitive  valve. 

1^"  Placed  inside  water  outlet  of  cylinder  block* 

2.    Regulates  coolant  temperature •  j 

3^   With  the  thermostat  closed,  the  water  circulates 
entirely  within  the  engine  block  thus  warming 
up  more  rapidly. 

4.    When  the  water  becomes  warm  enough  to  open  the 
thermostat,  the  water  circulates  through  it 
into  the  radiator  and  thus  noinnal  cooling 
action  is  obtained ♦ 

(5)  Water  jackets.  •  , 
(a)  Construction. 

1.    Usually  cast  into  the  engine  block  and  head. 

(6)  Temperature  gauge. 

(a)  Purpose.  ^ 
1.    Warns  operator  of  abnormal  temperature  rise* 

(b)  Types. 
1,  Electrical. 

2^   Pressure  (do  not  bend  or  kink  pressure ' line) ♦ 

{7)    Water  pump. 

(a)  Forces  coolant  from  radiator  outlet  hose  through 
engine  block. 

(b)  Causes  cooling'  system  fluids  to  circulate  within 
the  system. 

1>    Usually  a  centrifugal  non-positive  displacement  t3rpe 
pump* 

Q  ^  (13  of  13) 
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HAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  hfECHANIC  '*A"  SCHOOL  TRAININd  COURSE  A-6ld-O022 

INFORMATION  SHEET  ^  .  ' 

TITLE:    Maintenance  of  Lead-acid  Storage  Batteries. 

A.    Battery  maintenance. 

1.  Cleaning. 

a.  Use  bristle  brush  on  top  of  battery, 

b.  Use  acid  neutrallzer. 

(1)    Baking  soda  and  water. 

c.  Use  of  terminal  brushes. 

2.  Inspecting. 

a.  Case. 

(1)    Check  for  bulging  and  cracks. 

b.  Connections. 

(1)    Check,  for  looseness  and  corroS^on^^ 

c.  Hold-downs.  ^ 

(1)    Check  for  being  too  loose  or  too  tight. 

d.  Water  level. 

(1)    Check  for  proper  level.  ^ 

(a)    Should  be  3/8"  above  plates,  if  no  Indicator  is 
>  used. 

3.  Testing. 

a.    Specific  gravity.  ^  ' 

(1)    Correct  use  of  hydrometer. 
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(b)  .  -  Draw  in  eJectrplytt  until  float  riaas. 

(c)  'Taking  reading  at  eft  level. 

'\ 

(d)  Record  reading  along  with  tanp«ra^rft  of  elactro- 
lyte. 

(e)  Make  tetnperaciire  correction. 

1.  Add  fo^ir  points  (.004)  for  ev.ery  10°  above  90°P. 

2.  Subtract  four  points  (;004)  for  every  10°  below 
"~  90°r.        .  '    ,  • 

■b.    Individual  cell  test  (if  battery  construction  permits). 

V      (1)    If  cell  falls  bfeiow  voltage  of  1.5  or  if  there  is  a  , 

difference  of  more  than  .2  voltSL  bet^^een  cell,  recharge. 

4.    Charging.  \ 

•       •  ,  / 

a.  Constant  potential  (voltage). 

(1)    Batteries  connected  in  parallel.  _ 

b.  Constant  current.  • 

CD    Batteries  connected  in.  scries. 
,B.,  First  aid  and  safety  precautions.  . 
1.  .  Avoid  bums. 

a.  Always  wear  protective  clothing.  • 

^^^^^^'^^ ' < 

(1)  Goggles  or  face  shield. 

(2)  Rubber  apron. 

(3)  Rubber  gloves. 

b.  -   If  one  of  your  men  is^bumed  by  acid,  keep  calm  and  apply 

first  aid. 

Xi:T  Douse  burned  area  with  large  amount  oi,watetf^  •. 

(2)    Apply  a  solution  of  baking  soda  and  water  or  ammonia 
and  water.  ^ 
^      (3)    Check  in  to  nearest  dispensary  for  furtlier  treatment. 
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2.    electric  «hoclc. 

J     _  _     „^  _ 

a.  Treat  all  electrical  circuits  as  hot  cl^l^its. 

b.  If  someone  suffers  electric  shock,  try  to  keep  calm. 

I*' 

(1)  De-energize  c'lf^it,  then  release  victim  from  contact. 

(2)  Begin  artificial  respiration  if  victim  is  not  breathing. 

(3)  Keep  victim  quiet  after  normal  breathing  is  re-established. 

(4)  Treat  for  shock.  - 

(5)  Treat  fcrums. 

.  (6)    Call  for  medical  attention  as  soon  as  conditions  permit. 
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  KAVAL.  CONSTRUCTION -TRAINING  CaiTER 

PORT  HUENEME,  CALIFORNU  93043 
CONSTHUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 

INFORMATION  SHEET 
TITLE:    Basic  Principles  of  Electricity 

1.  Nature  of  electricity. 

« 

a.  Electricity  is  the  flow  of  electrons  from  atom  to  atom. 

,  (1)    An  atom  is  the  smallest  unit  of  all  matter  consisting  of 
equal  numbers  of  particles  called  electrons  and  protons. 

(a)  ProtonI  have  positive  <-f*)  charge  potential. 

(b)  Electrons  have  negative  (-)  charge  potential. 

b.  Utilizing  the  electron  theory  we  sa^electrons  flow  from  the 
negative  to  positive  terminals  of  a  circuit. 

2.  Electrical  circuits.  " 

a.  A  basic  circuit  consists  of: 

(1)  Voltage  source  -  such- as  a  battery. 

(2)  Resistor/load  -  such  as  a  light  bulb. 

^  (3)    Conductors  -  wire  to  connect  the  circuit  components. 

b.  The  3  types  of  complete  circuits: 

(1)  Series  -  o&e  path  for  current  to  folloW|thi8  circuit  has 
high  resistance. 

(2)  Patrallel  -  Two  or  more  paths  for  current  to  follow,  this 
circuit  has  low  resistance. 

(3)  Series /Parallel  -  A  combination  of  the  above  two,  this 

^  ^ — circuit"  bas-meddtW- reslstan^ei  ,  

c.  Definitions  of  circuit  failure* 

(1)  OPEN  -  a  break  or  interruption  In  a  circuit  such  as  a 
swiCch  open,  a  wire  loose  from  a  connection  or  a  blown  fuse. 

(2)  GROUND  -  when  any  part  of  a. wiring  circuit  unintentionally  * 
touches  the  vehicle  frame  -  normally  contact  between 
conductors  and  the  J.ron  f irame' or  vehicle  bodv. 

(3)  SHORT  -  occurs  when  conductor  touches  conducLor  such  as  when 
the  insulation  between  two  wires  fail  and  thfi  wires  touch. 
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Electricity  -  how  it  works, 
a Amperage 

(1)    Measureaent  of  electron  (current)  £low»  i.e.  gallon!  per  minute. 

b.  Voltage  V/ 

'    (1)    Measurement  of  the  pressure  used  to  make  electrons  move  along  a 
conductor. 

c.  Res^tance 

(1)    Opposition  to  flow  of  electrons  (current). 

(a)    Resistance  is  directly  related  to  4  items* 

1  The  length  of  the  circuit. 

2  The  size  of  the  conductor. 

3^  The>materlal  the  conductor  is  made  of. 

4^  The  temperature  of  the  wire. 

a^  Electron  flow  generates  heat.    Proper  circuit  conductor 
size  will  patfs  off  the  required  amount  of  heat  and 
allow  current  to  flow. 

d«    Definition  of  conductors/insulators  and  semi-conductors: 

(1)  Conductor     A  matez'ial  whi^h  will  easily  allow  current  to  pass 
'  through  it  in  eithc.r  direction  such  as  copper. 

(2)  Inmilator  -  Prevents  the  passing  of  current  through  it. 

(3)  Semi  Conductor  *  A  material  which  is  neither  a  good  conductor  or 

an  insulator,  but  has  a  definite^  u8|t^,       .-^  — ■ 

(a)  Diode  -  An  electrical  device  that  will  allow  current  to  pass 

through  it  in  onf  direction  only. 

1    May  be  positive  or  negative. 

IS 

(b)  Zener  Diode  *  Will  allow  current  to  pass^ through  It  in  one 

direction  and  only  allow  current  above  a, 
specified  voltage  tOfflow  itx  the  reverse 
direction. 


1    Primarily  used  in  control  circuits. 
* 
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(c)    Transistors  -  Controls  the  current  in  a  circuit  by  either 

allowing  or  stopping  it. 

.  Polarity  of  translators  can  be  changed  by  the  combining* 
of  different  atomic  %mlght  materials  In  manufacture* 


a    Primarily  used  in  transistorized  reguli^tors. 


e«  Magnetism 


(1)    A  matter  must  have  the  ability  of  possessing  a  North  and  South 
Pole  to  be  used  as  a  magnet.    (Rubber »  wood,  paper »  glass  4o 
not  possess  this  ability) • 

^ 

(a)  Permanent  magnets  are:  Matter  which  has  had  its  magnetic 
particles  alligned  to  give  it  a  permanent  North  and  South 
Pole.  _ 

1^   Comes  in  many  shapes  but  primarily  bar  and  horseshoe  and 
constructed  of  alloy  steel. 

(b)  Electro-magnetism  is:    Electrons  flowing  thru  a  conductor. 
They  will  set  up  magnetic  lines  of  force  In  a  circle  around 
the  conductor.    Circuit  polarity  has  a  definite  relation- 
ship to  the  lines    of  force*  as  doe?    the  amperage  flowing. 

1^  A  simple  electromagnet  is  constructed  by  placing  a  loop 
in  the  conductor.    A  usable  electromagnetic  la  constructed 
by  placing  a  soft  metal  bar  through  the  center  of  the  loop 
thus  increasing  the  magnetic  strength..  Magnetic  strength 
is  further  increased  by  increasing  the  nxnnberyof  turns 
(loops)  around  this  bar.    More  turns  using  a  smaller  gauge 
wire  will  give  a  stronger  electromagnet  ixaing  lower  amperage 
requirements  on  the  primary  side.    Thus  a  12V  electro-magnet 
can  do  the  same  work  as  a  1157  electro-magnet  because  of  . 
the  number  of  turns  and  conductor  size* 

(c)  Rules  of  magnetism:  -  . 

1^  Lines  of  force  flow  from  north  to  south. 

2^  Magnetic  lines  of  force  never  cross  nor  can  they  be 
insulated. 

^         2   Like  poles    repel    -  Unlike  poles'  attract.' 
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Electro-magnetic  induction 

(1)  If  a  conductor  is  passed  thru  n  stationary  magnetic  field, 
current  will  be  Induced  to  flow  in  this  conductor  (as  in  a 
D.C.  Generator). 

(a)    The  same  induction  c2in  be  accomplished  by  having  a  moving 
magnetic  field  and  a  stationary -conductor  as  in  an  A,C. 
Generator  (Alternator). 


Electro-magnetic  repulsion 

fl)    By  introducing  current  ^nto  a  conductor  passing  thru  the 
stationary  magneti?  field  we  utilize  the  rule  of  magnetism 
"Like  Poles  Repell".    This  repulsion  of  the  like  poles  cause 
the  conductor  to  turn  away.    The  turning  away  (rotary  motion) 
is  the  principle  of  operation  of  a  cranking  motor. 
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Electrical  Symbols /Law 
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(Si 


He 


|N0<AtOtlAMf 
INIUAIIO 


tNO«CAlOt  UMT 
tttMINAL 

'$n»ct 

MHCLt  CONNKIOt 
0OU«i  CONMCIOt 

lO«lf»OMSW11CK 


NQtM  IILAV 


lOCCiC  SwiiCh 


HOiH 


JWIICH  -O 


OEZCD     M  Ul 


CBOUNO 


OlOOS 


J 


OHM'S  LAW 
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/c  c\ 


  I  sUnds  for  ^mp% 

(Intensity).  E  for  volts  (EUctromotive 
-terceVrR^or^hms  (^?««istnnc^and  W-for 
wiULs  (Powc^r).  rims  Its  0H5y  to  compute 
any  of  th«f  four  values  by  Ohm  s  Law  if 
you  know  at  ivi^  1  fwo  of  them.  For  exjw- 
pie?  you  buy  a  new  toaster  rated  at  1100 
watts.  Vou  want  to  find  out  how  much 
current  It  uses  Use  the  amperes  stpHon 
of  the  chart  and  pick  out  the  formula  that 
uses  the  two  elements  you  know— walttge 
(1100)  and  voltage  (115).  Substitullng  In 
the  formula  IrrWt^E  you  get  1*1100$^15 
or  I =915  amps.  Where  you  want  to  fifnd 
power;  use  the  watts  section  of  the  chart 
and  pjcH  the  two  elements  you  know. 
W  =  E  X  I. 
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Eltctrlctl  Clrcultf 


IGNITION  CIRCUIT 


ntn 


irUTTl 


ACCESSORY  CIRCUIT 


mil 


7f// 


^  CRANKING  CIRCUIT 

ERIC 


^1                    ^^^^  1 

1     CHARGING  CIRCUIT 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 

INFORMATION  SHEET 

GENERAL  HOUSEKEEPING  • 
1.  Cleanliness. 

a.  Floors  and  other  exposed  areas. 

The  distribution  center,  garage,  or  workshop  shall  be  thoroughly 
inspected  daily  and  maintained  in  a  clean  and  orderly  state.    Floors  and 
other  exposed  surfaces  shall  be  kept  scrupulously  clean.    Hazards  on 
floors  such  as  oil,  grease  or  loose  tools,  which  might  result  in  fire, 
slipping,,  tripping  or  falling  shall  be  eliminated  as  quickly  as  possible. 

b.  Grease  rack. 

Particular  care  shall  be  taken  Co  maintain  cleanliness  in  the  area 
around  the  grease  rack  as  well  as  In  the  rack  itself.    Be  sure  that  grMse 
connections  are  fast  to  car  connections  when  greasing  a  car.    At  the  close 
or  work  each  day,  clean  grease  rack  and  floor. 

2.  Ventilation. 

Garages  and  repair  shops  shall  be  veil  ventilated , for  protection  of 
service  personnel  against  accumulations  of  carbon  monoxide.    If  these 
spaces  are  not  equipped  with  adequate  ventilatiotv,  doors  shall  be  * 
opened  whenever  engines  are  running. 

3.  Illumination. 

Adequate  illumination  shall  be  provided  and  utilized  for  all  general 
work  areas,,  including  work  benches  and  lubrication  pits. 

4.  Safety  During  Repairs. 

— ,Use  warning  signs  or  barricades  to  protect  personnel  when  construction, 
repair  work^.  or  paintJ|ig  is  in^  progress.'  <  *  i. 

'5.    Avoiding  Tripping^  Hazards . 

Covers  on  sidewalk,  boxes,  fuel  tanks,  and  pipe  openings  shall  be 
flush  with  surfaces,  and  shall  be  kept  closed  when  not  in  use.    All  toolr^ 
and  equipment  shall  be  kept  in. their  proper  places  when  not  in  use  and  . 
shall  particularly  be  kept  out  of  walkways  to  avoid  tripping  hazards. 
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PROTECTION  OF  PERSONNEL 


The  following  personnel  protective  equipment  shall  be  used  by  work- 
men is  a  distribution  center,  garag:^  or  workshop. 

1.  Apparel  Required^ 

Mechanics  shall  wear  goggles  or  face  shl^s,  rubber  gloves,  aprons, 
safety  shoes,  and  sjpecial  gloves  as  needed. 

2.  Goggles /Welding  Goggles. 

Goggles  shall  be  worn  for  all  grinding,  welding,  chipping,  cutting 
and  when  using  conqpressed  air,  or  for  similar  operations  designated  by 
local  comnond.    The  object  of  tinted  filter  lenses  in  not  only  to  diminish 
the  intensity  of  visible  light *to  a  point  where  glare  is  reduced  to  a 
minimum  so  that  the  welding  zone  can  be  readily  seen,  but  also  to  protect 
the  welder  from  harmful  infrared  and^iltraviole^t  radiation  from  the  arc 
or  flame. 

3.  Rings  Prohibited. 

Rings  shall,  not  be  worn  by  workmen  servicing  batteries  or  working 
on  motor  vehicles* 

FIRE  PREVENTION  '  ^ 

1^    Fire-Fighting  Apparattis.^ 

Fire  fighting  apparatus  shall  be  kept  in  proper  working  condition  and 
well  distributed  with  locations  marked  in  accordance  with  NAVDOCKS  P-309, 
"Application  of  Color  to  Shore  Establishments"'*    Garage  personnel  should 
.be  trained  in  the  operation  of  this  equipment. 

2.  Smoking. 

Smoking  or  the  carrying  of  lighted  pipes,  cigars,  or  cigarettes  near 
fuel  pumps,  batteries  on  charge  or  vent  pipes  'shall  be  prohibited. 

EQUIPMENT  AND  TOOLS 

1,  ..  General  Rules  .  _  >.  ,         .  i       „  . 

a.  Keep  tools  in  their  proper  places  when  not  in  use. 

b.  Use  only  the  correct  tools  for  a  particular  job. 

c.  "Never  use  defective  tools. 
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d.  K«ep  tools  and  hand,  free  of  grease.    Clean  tools  with  an  -^"^ 
approved  solvent. 

e.  When  using  a  bar  on  springs,  work  bar  away  from  the  face.' 

f  Lift  8«11  batteries  with  battery  .traps  designed  for  thi.  P«rpo.*, 
0«  bHteriea  u.-Tlnmilated  lifting  bridle,  designed  for  thi.  purpo... 

2.  Blow  Torchea. 

Blow  torches  shall  not  be  used  to  clean  "^"i^I^ 
radiat^.  or  grease  gunS;  stean.  hot  water  or  other  suitable  degreaser. 
shall  be  employed  for  this  purpose.  ^ 

3.  Grease  Guns. 

Grease  gui«i^i«ist  be  handled  carefully  and  used  only  for  the  purpose 
mteS^     sSfous  injury  has  resulted  when  grease  has  been  shot  out  of 

4.  Lube  Dispenser, 

Keep  the  dispenser  where  it  will  be  out  of  the  way.  and  check  it  at 
regular  intervals  for  leaks. 

5.  Mobile  Grease  Cart. 

The  mobile  grease  cart  inust  be  returned  to  its  propers  place  lanediately 
aftefit^s  uiJ,  and  the  hose  must  never  be  left  lying  along  the  floor.  . 

REPAIRING  AN"  smVICIHG  VEHICLES 
I.    Body  and  Enpine  Work. 

a     Entering  the  garage.    When  a  car  is  being  driven  into.  8*rag^ 
pers^^.SS'.tand'well  out  of  its  path.    Never  try  to  service  a  moviitg 
vehicle. 

h     Securina  the  hood.    Work  shall  not  be  started  under  a  hood  of  a  ^ 
..hicie  !SeM  ?he  hood  has  been  firmly  secured  in  the  open  POjijlon.  Hood 
Ho^^!JL^c^^^or  locking  devices  shall  be  kept  in  good  condition. 
''M'^Zi  iZ^^  should  be  installed  where  nec^essary.  _  _ 

c     Broken  glass.    Care  shall  be  taken  to  avoid  injuries  from  broken 
windsMeS!  UgS  globes,  lenses  or  jagged  pieces  of  metal  around  the  car. 

A     Radiator.    If  the  radiator  is  steaming,  the  hands  should  be 

rii££?  ^^^^  - 


a  radiators 
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e.  Cranking  the  engine.    If  it  is  necesMry  to  crank  an  engine  by 
hdnd,  the  brake  oust  first  be  set  and  Che  gearshift  placed  in  neutral.. 
In  cra[nking,the  handle  should  be  grasped  with  the  thumb  alongside  the 
fingers »  and  not  around  the  crank.    If  possible,  start  the  engine  by  a' 
series  of  quick  pulls.    Spinning  should  always  be  started  with  an  UPWAIQ) 
PULL;  nevter  with  a  downward  thrust . 

f.  Lifting  heavy  parts.    To  prevent  personel  injury  trtxen  removing 
'     or  replacing  heavy  parts,  such  as  gear  units  or  htb  and  drum  aisembliest 

mechanics  should  always  use  a  hoist,  jack  or  dolly. 

g.  Restriction  on  leaded  gasoline.    Do  not  use  gasoline  containing 
tetraethyl  lead  for  anything  but  motor ^uel.    If  this  type  of  gasoline  is 
spilled  on  the  body,  wash  it  off  thoroughly,  as  it  is  a  deadly  poison. 

2.  Vehicle  Stands. 

Approved  metal  vehicle  stands  shall  always  be  used  lAen  work  is  being 
done  unde;r  a  vehicle  from  \tb±ch  the  wheels  have  been  removed.  Wooden 
block  or  horses  shall  not  be  used  for  this  purpose.  '  Hydraulic  lifts 
are  permissible. 

3.  Dump  Xruck^,  "  f 

Before  starting  repairs  on  a  dump  truclci^  with  the  dump  body  in  a 
raised  position,  the  body  shall  be  secured  by  inserting  the  safety  pins 
in  the  safety  locks,  or  In  the  absence  of  such. locks,  the  body  shall  be 
secured  with  ittirdy  blocking  or  trianglular  steel  stands  designed  for  this 
purpose. 

4.  Working  on  Raised  Vehicles ♦ 
a.  Jacks. 

(1)    Inspection.    Jacks  shall  be  inspected  visually  for  cracks, 
loosenesa,  and  wear.    If  there  is  any  doubt  about  the  condition  of  a 
jack,  it  must  not  be  used* 

^  (Z)  -Blocking.    Be^wrtaiir  that  a  vehicle^lar  ptoi^rly  brockitf  wSen^ 
~   working  under  it.    Do  not  depend  entirely  on  jacks. 

(3)  Centering.    Center  the  senrice  jack  on  the  axle  when  a  wheel 
is  to  be  removed  from  a  car.    The  jack  should  always  be  set  on  a  solid 
footing. 

(4)  Capacity.    Never  use  a  jack  for  a^load  in  excess  of  its 
rated  capacity. 

(5)  Handle.    Place  the  jack  so  that  the  swing  of  its  handle  will 
be  unobstructed.    Never  leave  a  jack  standing  under  a  load  with  the  handle, 
in  the  socket. 

^    ^  (6)    Keeping  clear.    Never  lean  over  a  jack  handle  or  handle  socket 

ERXC      under  load.    Keep  the  body  clear  of  the  cafr.  In  case  it  should  suddenly 
^   start  to  roll*  49  1 
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b.    Hydraulic  Lifts • 


(1)  Inspection.    Inspect  hoists  at  regular  intervals  for  oil 
leaks,  oil  level,  and  proper  lubrication.     Check  overhead  connections  at 
regular  intervals,  and  make  frequent  inspections  of  safety  locks  on  gears; 
the  teeth  of  gear  locks  should  not  be  worn  or  chipped.    Never  use  a 
defective  hoist. 

(2)  Putting  vehicle  on  lift.    Do  not  stand  in  front^of  a  hoist 
while  a  motor  vehicle  is  being  guided  onto  it. 

(3)  Securing  vehicle.    Never  permit  occupants  to  remaiit  in  a 
vehicle  when  it  is  to  be  lifted.    Be  sure,  before  lifting  a  vehicle,  that 
the  ignition  is  off,  the  gears  are  in  neutral,  the  wheels  are  blocked  and 
the  doors  are  closed. 

(4)  Freewheel  lift.    If  the  freewheel  type  of  is  used,  be 
sure  the  car  is  properly  balanced.    Raise  the  lift  just  enough  to  take  the 
weight  off  the  wheels,  check  the  blocks  and  knee-action  plates  to 
determine  whether  the  car  is  resting  properly,  and  set  the  hand  brake. 

« 

(5)  Raising  the  hoist. 

(a)  When  the  hoist  is  raised,  use  the  safety  leg,  and  check 
to  see  that  safety  catches  are  secured. 

(b)  Never  rock  ijhe  car  when  the  hoist  is  raised.  — 

(c)  Raise  and  lower  the  car  slowly.    Do  not  try  to  rush  the 
action  of  the  hoist,. as  the  gears  may  slip. 

(d)  Do  not  attempt  to  raise  a  vehicle  that  may  be  heavier 
Than  the  capadity  of  the  hoist. 

(e)  Except  for  cleaning  purposes,  never  raise  the  hoist 
when  it  is  not  in  use. 

(6)  Self  protection  during  work.    When' working  on  raised  objects, 
stand  in  such  a  position  that  your  feet  will  not  be  crushed  if  the  oT)j:fect 
shodld  fall.  '  ' 


5.    Car  pitSi 


The  use  of  existing  pits,  elevated  racks  and  various  mechanical  lifts 
for  lubrication  and  other  work  is  acceptable  but  not  recommended  except 
pits  used  for  railaoad  equipment.    Twin  post  adjustable  hydraulic  air-oil 
operated,  flush-floor  mounted  lifts  are  recommended  for  this  purpose  and 
shall  b^  'specified  in  new  construction.    In  the  use  of  existing  pits,,  the 
following  precautions  shall  apply: 

a.  Only  approved  cleaning  compounds  shall  be  used  in  car  pits..  Never 
use  gasoline  or  other  flamable  solvents. 
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b.  Do  not  place  tools  or  debris  on  pit  steps  and  always  keep  the  v 
steps  free  of  oil  and  gxpase. 

i5  • 

c.  Arrange  for^ proper  lighting  in  the  pits.  ^  \ 

d.  Keep  the.il3?*iri  open. 

ex    Ereict  adequate  safeguards  around  pits* 

f .  not  allow  unauthorized  personnel  in  pits^. 

g.  Keep  guard  chains  for  pits  in  place  when  the  pits  are  not  in  use* 

6.  Charging  Batteries* 

■  \ 

a*    Beware  of  bums  and  shocks  whep  charging  batteries*    Use  rubber 
gloves  when  necessary.  ^  ^ 

b*    Vent  caps  should  be  replaced  befor€  attaching  or  detaching 
charger  cablej  fjUne.s  arising  from  batteries  in  the  recharging  line  are  * 
flammable.      ^       '  ■ 

-c*    Be  sure  that  connections  to  batteries  are  property  made  and 
secured. 

di    Care  shall  be  used  in  handling  battery  acids.    When  preparing 
electrolyte »  the  acid  shall  always  be  poured  into  the  water.  _ 

e*  Never  "flash"  or  short-circuit  a  battery  to  test  its  strength.  As 
Btated  above,  the  hydrogen  gas  is  highly  inflammable  and  a  spfrk  may  cause 
an  explosion.  ^  '  " 

7.  Installing  Tires*'  / 

a*    Removing  hub  cap*    When  removing  a  hub  cap^  hold  one  band  against 
^e  Sid*  of  the  cap  so  that  it  does  not  fly  into  your  body  lAcn  it  is 
released.    _  ^,  , .^1.    ^  ^         ^  ^  .   _  . 

b*    Remove  the  tire.    When  removing  A  tire  from  a  ^eel,  remove  the 
core  from  the  valve  stem  and  tuim  the  wheel  until  the  valve  stem  is  on 
the  lower  quarter;  then  pull  the  tire  opposite  the  stem.    This  saves 
lifting  the  tire,  which  can  be  rolled  off  the  wheel  onto  the  grouxid* 
Such  a  procedure  is  particularly  useful  when  changing  truck  or  bus  tires* 

c.  Cracked  rims.  In  replacing  tires,  take  care  that  the  rims  are  ixi/ 
good  condition  and  that  the  lug  nuts  are  tight. 

v» 

d*  Lock  rings.  See  that  the  lock  ririgs  are  properly  installed.  This 
should  be  done  before  the  tire  is  fully  inflated* 

423 
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*     e.    Inflating  the^tire.    Inspect  a  tire  for  defects  and  determine  the 
proper  pressxxre  before  inflating,    When^nflating  a  tire,  turn  your 
'  r^'aw^  from  it;  never  hold  it  between  your  legs,  '  Tires  on  split  wheels^ 

 »t  be  deflated  before  oremoving  the  wheel  from  the  vehicle  and  inflated 

kftter  installing  the  wheel  on. the  vehicle. 

f .  installing  tire  on  wheel.    When  putting  a  tire  on  a  wheel,  tuni^£he 
wheel  until  the  opening  for  the  valve  stem  is  on  top/  Then,  resting  the - 
tire  against  the  wheel  with"  the  stem  on  top,  stoop,  place  a  Itand  on  each  .  - 
lower  quarter  of  the  tire  and  lift  it  into  place.  ;/ 

g.  Split  wheels.    All  bolts  on  split  or  twb  pi6X:e  wheels  must  be 
tightly  secured  before  inflating  tire.    Tire- must  be  deflated  before 
loosening  bolts.  '  *  *. 

8.    -Sodium  Filled  Valves.    Aijtomotive  shop  mechanics  and  supervisors  shall 
be  familiar  with  the  hazards  of  the  metallic  sodium^  found, in  "sodium  filled 
engine  valves.    Special  provision  .shall  be  made  for  the  tempd^ry  storage 
and  disposal  of  the  parts  when  they  ^e  replaced.    They  shall  not  be 
discarded  to  'the  metal  scrap  pile,,  but  shall  be  shipped  to  the  nearest  * 
naval  ammunition  depot  fojr  proper  disposal.  •  They 'shall  be  appropriately 
tagged  for  identification. 


fuel  motor  vehicles  and  they  shall  have  a  thorpugHSytanowl^ge  ^  the 


FUELING  MOTOR, VEHICLES 

1.  tAutohrized  Personnel.    Only  authorized  personnel  shall  be  avowed  \o 
fuel  motor  vehicle 
hazards  involved.  ^ 

2^    Care  of  Ptimps.       *  .  i, 

a.  If  the  pump  is  electrically  operated,  be  sure  that  the  motor  is 
shut  off  after  the  gasoline  has  be'en  delivered. 

b.  Check  at  Regular  intervals  for  leaks  at  pipe  connections,  stuffing 
box,  and  meter.    If  leaks  are  found,  do  not  atteir^  to  repair  them.  .  CalT 
a,  repairman,  and.  keep  the  pumps  out  of  service  until  thejrepai^s 
made.    ^    ^     <  ^  .   ''-^  . 

c.  Have  the  bas€  bolts  sfe'cure  at^all  times. 

d.  Do  not  attempt  to  mak6.  electrical  repairs  on  pumps.  yCallt  a 
^serviceman.  *  /  .  ' 

3..   Using  fueling  equipment^  *  , 

a.    Equipment  maintenance.  .  Do  not  use  leaky  hose,  pumps,  valves  or 
faucets.    Arrange  for  them  to  Be  repaired  at  opce.  ^  ^ 
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b.  Gasoline  containers.  Gasoline  shall  not  be  left  standing  in  •  ^ 
unlabeled  conta4.ners;  meta^  safety  can  must  always  be  used.    If  gasoline  - 

is  to  be  carried  away,  it  shall  be  done  only  when  in  the  metal  safety 
can,  tightly  cappjed  «and  suitable  marked. 

c.  Automatic  .dispensing  nozzles.    Automatic  shut-off  dispensing  ^  - 
nozzles  may "5e~used'iatTibut  attendance,  only  if  the  nozzles  are  apprpveH 

and  listed  as  such,  iwth  limitation  by  the  Underwriter's  Laboratories,  Inc. 
When  such  nozzles  are  used  without  attendance,  the  following  precautions 
shall  be  observed.  .  ^  ^ 

(1)    The  engine  and  lights  jof  .the  vehicle  being  fueled  shall  be 
shut  off. 


(2)    Exhaust  extensions  ot  operating^  ititemai  combustion— engines  — 
shall  be  at  least  ten  feet  from  the  point  of  fuel  delivery.  ^ 

Each  automatic  shut-off  nozzle  shall  be  checked  daily  by 
attendant's  for  wear  or  damage;  shall  be  checked  weekly  by  the  station 
.fire  department  personnel;  and  removed  and  repaired  or  adjusted  by  a 
manufacturer's  representative  at  six-month  intervals  or  after  50,000 
cycles  of  operation,  whichever  comes  first.    Records  of  these  Inspections 
^hall  be  Jcept  by  the  servicd  station. 

(4)  A  50  pound  wheeled         or  30  pound  dry  chemical  extinguisher 
shall  be  provided  at  each  service  station  where  such  nozzles  are  used.. 

(5)  Attendants  shall  be  fully  instructed  in  the  regular  inspection 
of  thf  automatic  shuf-off  nozzles  and  the  use  of  the  fire  extinguishers. 

,-"4.    Fueling  Procedure. 


T       a.    Bonding.    To  prevent:  electrical  static  discharges,  tank  and  nozzle 
shall  be  dept-  in  metallic  contact  while  .gasoline  is  being  poured'  into  the 

^uel  tanks.  .  This  rule  applied  to  all  kinds  of  motor  vehicles,  and 
^specially  to  gasoline  trucks. 


^b.    Proximity  to  antennas.    The  fueling  of  motor , vehicles  in  the 
proximity  of  antennas  and  antenna  down  leads  should  be  avoided  or  conducted 
with  special  precautions.    An  ungrounded  automobile,  ungrounded  filling 
nozzle,  or  merely  the  attendant'^s  body  in  close  proximity  to  transmitting 
antennas  and  down  leads,  may  produpe  sparks  sufficient  to  ignite  gasoline 
vapor  when  the  nozzle  ccMes  in,  contact  with  the  tank  opening.    Pump  nozzles 
must^^be  grounded  at  all  times,  and  motor  vehicles,  when  fueling,  must  also* 
be  grounded  brfore  openiiig^  the  tank.  ^  .  . 

c.  Danger  frop  fumes.    To  minimize  the  effects  of  gasoline  fumes, 
the  face  should  be  turned  away  from  the  fu^  pipes  while  making  deliveries 
of  gasoline.    Always,  drain  the  nozzle  befgre  removing  it  from  the  tank  of 
a  vehicle. 

d.  Battery  terminals.     If  fhe  gasoline  tank  is  located  under  the 
seat,  do  not  permit  the  nozzle  to  touch  the  battery  terminals. 


A 
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t-<44n«.     Tnke  8o«ci«l  care  that  fuel  tanks  are  not 


motorcycles.^ 
5r  Tmj^urtas^uelisa 


If  fire' should  break  ouf  in  the  fuel  spout  during  ^^^^J^r.^^^ 

chanois,  if  it  i«  available). 
fi.    After-Fueling  Procedure*. 


rf:  f^rffoTtSrSrSe^^^^^^^^^ 

b     Pu»p8.    If  the  gasoline  pump  is  p£  the  visible  bowl  type,  drain 
the  gasoline  from  the  bowl  when  securing  the  pumps. 

c.    Measuring-  cans.    Turn  empty  measuring  cans  bottom  up  and  dry 
them  thoroughly  before  storliig  them. 

1  »,«»-r«,»     After  handling  gasoline,  mechanics  should 

carried  in  the  pockets.   '  ,  
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JAL  (CONSTRUCTION  TKAINING  CENTER 
RT- HUENEME,  CALIPORNIA  93043 
HANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


INFORMATION  SHEET 
TITLE:    Pasic  Principles  of  Electricity 

1.    Nature  of  electricity. 
I  / 

Electricity  is  the  flow  o'f  elecDrons  from  atom  to  atom. 


d)    ^tr^^toSTTsTtTie^  consisting  of 

,  /equal  numbers  of  particle's  called  electrons  and  protons. 

(a)"   Protons  have  positive.  (+)  chai^ge- potential. 

^  (b)    Electrons  have  negative  (-)  charge  potential, 

b.    Utilizing  the  electron  theory  we  say  electrons  flow  from  the 
negative  to  positive  terminals  of  a  circuit. 

2.    Electrical  circuits* 

a.    A  basic  circuit  citinsists  of: 

% 

(1)    Voltage  so)/rce  -  such  as  a  battery. 
SZy  Realstor/laad  -  such  as  a  light  bulb. 


(3)    Conductors-  -  wire  to  iionnect  the  circuit  components. 

b.  The  3  typfes  of  complete  circuits: 

(1)  Series  -  one  path  for  current  to  folloW|this  circuit  has 
^high  resisttoce. 

» 

(2)  Parallel  -  Two  x>rL-more^paths  for  current  to  follow,  this 

circuit  has  l6w  resistance. 

«> 

(3)  Series/Parallel  -  A  combination  of  the  above  two,  this 
circuit  has.  medium  ^resistance. 

^  *       '       #  '     ^(  ^ 

c.  Definitions  of  circuit  fairure.'^  ^  ^    •  .  ^ 

(1)  OPEN  -  a  break  or  interruption  in  a  circuit  such  as  a 
switch  open,  a  wirp  loose  from  a  connection  or  a  blown  fuse. 

(2)  GROUND  -  when  any  part  of  a ^wiring  circuit  unintentionally 
touches  the  vehicle  frame  -  normally  contact  between 
conductors  ^nd  the  iron- frame  or  vehicle  bod/.^ 

^  (3)    SHORT  -  occurs  when  conductor  touches  conducLor  such  aa  when 
the  insulation  between  two  wires  fail  arid  thn  wires  touch. 
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Electricity  -  how  It  works.  — ^ 

a.  Aaperage '  ^ 

(1)    Measurement  of  electron  (current)  flow.  I.e.  gallons  per  minute* 
^        •  -  \ 

b.  Voltage 


 CX) — Measurtaant;  of  the  pressure  uged  to  make  eleet-rons-  agve  along  a 

Conductor.       —  

c.  Resistance 


(I)    Opposition  to  flow  of  electrons  (current) . 

(a)    Resistance  Is  directly  related  to  4  Items. 

1,   The  length  of  the  circuit. 

2^   The  size  of  the  conductor. 

3^   The  material  the  conductor  Is  made  of. 

j4    The  temperature  of  the  v'lre. 

 a_EJ.eg.tron_fl^jg_^ej^^^   Brop^r^cixcuit^conductorL 

size  will  pass  off  the  required  amount  of  heat  and 
allow  .current  to  flow. 

d.    Definition  of  conductors/ Insulators  and  8eml-*conductor8: 

(1)  '  nCondufe^or  -  A  material  which  will  easily  allow  current  to  pass 

through, It  In  elthtir •direction  such  as  copper* 

(2)  Insulator  -  Prevents  the  passing  oi  current  t^irough  it. 

^3)    Seni  Conductor  -  A  material  which  is  neither  a  good  conductor  or,  | 

an  insulator,  but  has  a  definite  use. 

*  ^ 

(a)  Diode     An  electrical  device  that  will  allow  current  to  pass 

through  if  in  one  direction  only. 

1^   May  be  positive  or  negative. 

(b)  Zener  Diode  -  Will  allow  current. to  pass  through  it  In  ont-^ 

direction  and  only  allow  current  above  a 
specified  voltage  to  flow  in  the  reverse      f  ' 
direction. 

1   Primarily  used  in  control  circuits* 
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(c)    Transistors  -  Controls  the  current  in  a  circuit  by  either 

  ,   „™___allpwipjt^pr  Atgppi^^  ±t. 

I    Poliirlty  of  trnnslBtors  can  be  chnnged  by  the  combining 
of  different  otonic  weight  materials  In  manufacture. 


a    Primarily  used  in  transistorized  regulators. 


Magnetism 


(1)    A  matter  must  have  the  ability  of  possessing  a  North  and^outh 
Pole  to  be  used' as  a  magnet.    (Rubber,  vood,  paper,  glass  do 
not  possess  this  ability) . 

*  • 
(a)    Permanent  magnets  are:^  Matter  which  has  h|j(|its  magnetic 
plarticles  alligned  to  give  it  a  permanent  North  and  South 
Pole. 

1    Comes  in  many/shapes  but  primarily  bar  and  horseshoe  and 
constructed  of  tflloy  steel. 

(h)    Electro-magnetism  is:    Electrons  flowing  thru  a  conductor. 
-They  will  set  up  magnetic  lines  of  force  In  a  circle  around 
the  conductor*    Circuit  polarity  has  a  definite  relation- 
ship to  the  lines    of  force,  as  does    the  amperage  flowing. 

 1 — A  simple  electromagnet      cons tructed~by-i^laciiig~a  -loop  

in  the  conductor.    A  usable  electromagnetic  is  constructed 
by  placing  a  soft  metal  bar  through  the  center  of  the  loop 
thus  increasing  the  magnetic  strength.    Magnetic  strength 
is  further  increased  by  increasing  the  ntiaber  of  turns 
-        (loops) -arcund^JOiia  bar.    More  turns  using  a  smaller  gauge 
wire-will  give  ^  stronger  electromagnet  ^sing  lower  amperage 
requirements  on  the  primary  side.    Thus  a  12V  electro-magnet 
can  do  the  s^e  work  as  a  115V  electro-magnet  because  of 
the  number  of  turns  and  conductor  size. 


(c)  ^  Rules  of  magnetism: 

1  Lines  of  force  flow  from  north  to  south.  . 

2  Magnetic  lines  of  force/never  cross  nor  can  thej^  be 
''insulated. 

3  Like  poLes    ^epel    -  Unlike  poles   attract.  ^ 
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Electro-magnetic  induction 


(l)  If  a  conductor  Is  pasned  thru  d  stationary  magnetic  fields 
current  will  be  Induced  to  flow  in  this  conductor  (as  in  a 
D.C.  Generator) . 

(a)    The  same  induction  can  b6  accomplished  by  having  a  moving 
magnetic  field  and  a  stationary  conductor  as  in  an  A.C. 
Generator  (Alternator). 


Electro-magnetic^epulslon^  

(1)    By  introducing  current  into  a  conductor  passing  thru  the 
stationary  magnetic  field  we  utilize  the  rule  of  iwgnetism 
'•Like  Poles  Repell".    This  repulsion  of  the  like  poles  cause 
the  conductor  to  turn  away.    The  turning  away  (rotary  motion) 
is  the  principle  of  operation  of  a  cranking  motor. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 
CONSnnCTION  mechanic  "a**  SCHOOL  TRAINING  COURSE  A-^10^)022 

JOB  SHEET 

TITLE:    GamIIm  Engine  DlMSteably,  Inspection  and  Assetobly 

INTRODUCTION:    The  purpose  of  this  job  sheet  Is  to  guide  you  In  the 
practical  performance  of  disassembling,  cleaning,  Inspecting,  measuring 
and  assembling  a  6  cylinder  gasoline  engine.    As  a  team  member,  you 

will  use  the  req\iired  hand  snd  gpeclal  tpols  for  diaagstmbly  and  vtll  

folloir  specific  procedures  as  given  In  this  job  sheet.    These  vlU  cover 
orderly  removal  of  accessories,  valve  system,  cylinder  head  gaskets, 
oU  pan,  oU  pump  and  strainer,  connecting  rods  and  pistons.    At  ^ 
designate  points  on  the  Job  sheets,  the  Instructor  will  Inspect  pro- 
cedures to  determine  the  job  errors  and  the  bench  arrangement  and 
protection  of  parts  before  team  may  proceed  to  next  procedure.  Indlv^tial 
and  team  performance,  must  be  In  accordance  with  the  job  sheet  and-  . 
manufacturer's  specifications,  without  deviation. 

Clean>  Inspect,  measure  and  store  dlsassenibled  engine  parts.    This  will 
be  done  In  accordance  with  procedures  establlshed.^by  this  job  sheet 
based  on  manufacturer's  specifications  and  recommendations,  without 
deviation. 


Assemble  the  6  cylinder  engine  parts  and  accessories,  torquelng  mount** 
Ing  bolts  to  specified  tension  while  using  the  required  special  tools 
necessary  for  rag^lne  assembly.    The  student  will  perform  as  a  member  of 
a  team.    The  procedures  must  be  In  accordance  with  this  job  sheet  and 
manufacturer's  specifications  without  deviation. 

TOOLS,  EQUIPMENT  AND  MATERIALS; 

1.  Air  compressor. 

2.  Automotive  shop  hand  tool  kits. 

3.  Bench  grinders. 

4.  Calipers. 

5.  Drip  pans. 

6.  Engine  stands. 

7.  Ford  6  ^cylinder  gasoline  engines. 

8.  Micrometer  calipers. 

\ 

9.  Plastlgaugej  > 
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10.  Spark  plug  gap  gauges. 
11;    telescoping  gauge. 

12.  Thickness  gauges. 

13.  Torqxxe  vrenches. 

14.  Vices i 
C0KDITI0K3:   


V 


1*    Student  teams  of  two  (2)  siudents  each  are  assigned  to  a  6  cylinder 
gasoline  engine  to  aecomplish  disassembly,  inspection/measuring' of  parts, 
an4  assembly..  ^ 

2.  ,  Each  t^am  vlll  be  provided  with  all  required  tools,  manuals  and  a 
Job  sheet. 

3.  Preceding  the  shop  performance  all  aspects  of  the  job  with  necessary, 
background  data  is  covered  in  classroom  lecture/discussion. 

PROCEDURES:    Place  each  part  removed  in  order  as  illustrated  in  picture. 

'check  with  ins^tructor  at  each  stop 

A.    Engine  disassembly. 

1.  Turn  off  fuel  valve.    (Valve  located  under  fuel  tank.) 

2.  Disconnect  and  remove  battery. 

3.  Remove  radiator  cap  and'  drain  water  from  the  radiator  and  block 
into  pail.    (Duyp  water,  clean  and  wipe  pail  dry,  replace  iA 
rack.) 

4.  Drain  lubricating  oil  from^the  crankcase  into  oil  can.  Empty 
oil  into  yellow  oil  drtm;  Install. oil  drain  plug  in  pan.  (Clean 

,  and  wipe  can  dry,  replace  cto.) 

5.  Loosen  upper  and  lo|fer  hose  clamps,  and  remove  both  hoses  and 
upper  radiator  brace. 

6.  .Remove  radiator  with  support  brackets. 

STOP:    Instructor  Check  Point  . 

7.  RetK>ve  fuel  suction  line.-  / 


8.    Remove  fuel  line  between  fuel  pump  and  carburetor. 
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9.    Renove  the  air  d^er,  oil  lever  bayonet  gauge,* PCV  valve 
and  hose* 


r 


10.    Rcaove  vacuum  line  between  carburetor  and  distributor. 
11*    Rnove  exhaust  ^siUpe  at  aanlf old  and  exhaust  valve  flange. 
STOP:    Inatructor  Check  Point 


12.  Disconnect  all  wiring  and  control  cables  from  engine  components. 

VQTg;    so  MOT  REMOVI  AMY  WIRING  08  CABLES  FROM  TWSTKTIMKNT  PAtm,  OR 
CRAMKIHG  MOTOR  WW 

13.  Remove  complete  ins^trument  panel  assembly. 

14.  Reaove  the  alternator  drive  belts  and  fan  belt. 

15.  Remove  the  fan  blade  mounting  assembly  and  alternator. 

16.  Remove  the  water  puarp  pulley  an:d  water  pump* 

17 «    Remove  the  fuel  ptxmp,  cranking  motor  9  distributor  cap  and 
wires. 

STOP:    Instructor  ♦Check  Point  — 


18.  Reinove  carburetor  assembly. 

19.  Remove  Ignition  coil  and  distributor^ 

20.  Remove  the  rocker  arm  cover  and  tappet  cover. 

21.  Loosen  rocker  arm  stut;  nuts. 

22.  Remove  valve  push  rods;  place  on  benchiin  proper' aequen<^e. 

23.  Remove  spark  plugs  from  cylinder  head. 

24.  Loosen  head  bolts  .and  remove  cylinder  head  assembly. 

25.  *  Remove  oil  pump  drive  shaft  and  lifters.    Place  lifters  on 

bench  in  proper  sequence.  . 

^  ft 

.  STOP:    Instructor  will  demonstrate  vibration  damper  removal. 

26.  Revove  cr^nksh^ft  vibration  damper. 

STOP:    Instructor  Check  Point   


r 
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27.  Remove  oil  pan»  dean  thoroughly  befpre  stowing. 

28.  Invert  engine  (use  caution  In  doing  this  and  secure  the  engine 
stand  with  the  safety  pin  provided). 

29.  Reoove  timing  gear  cover. 

30.  Remove  valves  from  cylinder  head.    Place  In  proper  sequence  in 
rack.  ^ 

STOP? — Instructor  Check  Point  >  — 

31.  Carefully  observe  the  markings  on  the  main  and  connecting  rod 
bearing  caps.  j 

32.  Remove  oil  .pump. 

33.  Remove  engine  stand  safety  lockpin;^  rotate  engine  clockwise 
ninety  degreed;  reinstall  safety  lockpin. 

STOP:    Instructor  Check  Point  ^  ^ 

34.  Remove  piston/^pistons  as  directed  by  the  instructor. 

35.  Remove  safc^^y  lock  pin;  rotate  engine  counterclockwise  ninety 
^  *^\degrees;  install  safety  lock  pin.    -(Crankshaft  will  be  up.) 

36..    Remove  main  bearing  cap/caps  as  directed  by  instructor. 

37.    Be  sure  that  all  parts  are  neatly  stowed  and  cleaned  as  directed 
and  illustrated.    Wipe  e;iices8  oil  from  the  engine  blocks  but 
leave  an  oil  film  on  all  machined  surfaces. 

STOP        STOP         STOP        STOP         STOP         STOP  STOP 

Engine  Inspect^ion  and  tneasurement . 

NOTE:.   Instructor  will  indicate  to  each  team  the  cylinder  and  bearing 
surfaces  to  be  measured.    '  


NOTE:    Students  will  refer  to  manufacturer's  service  manual  for 
.needed  specifications.  * 

1.  Rotate  crankshaft  until  connecting  rod  journals  to  be  measured 
are  at  BDC.  . 

2.  Measure  connecting  rod  journals  as  direqted  by  instructor; 
record  micrometer  readings  in  space  provided  at  top  of 
following  page:  V  *  ^ 


1 
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MEASUREMENT  OF  CONNECTING  ROD  .JOURNALS 
FRONT         REAR  #        FRONT  REAR 


1. 

1. 

2. 

2. 

3. 

3. 

STOP:    Instructor  Check  Point 


3«    Measurement  of  joaln  bearing  oil  clearance. 

a.  Wipe  oil  fro©  jouranl  and  bearing  to  be  measured. 

b.  Cut  a  section  of  plastigage  to  fit  the  main  Journal 
lengthwise. 

c.  .  Place  plastigage  on  the  journal  slightly  off  center. 

d.  Place  correct  bearing  cap  with  insert  in  place  on  the 
correct  main  bearing  journal,  (arrow  point  forward). 

e.  With  main  bearing  cap  in  place  install  bolts  and  torque  to  ^ 
20  ft.,  lbs.,  then  40  ft.,  lbs.  with  a  final  torque  of 

60  ft.,  lbs. 

NOTE:    Do  not  rotate  crankshaft  while  plastigage  is  on  the  journal. 

f.  Remove  bearing  caps  and  take  readings,  record  readings  in  the 
'  .    space  provided  below: 


MAIS  BEARING  NO. 


MAIN.  BEARING  OIL  CLEARANCE 

MAlN  BEARING  NO. 


JTOP:    Instructor  Check  Point 


1 


NOTE:    Completely  remove  all  traces  of ^plastigage  from  journal  and 
bearing  surfaces.         .  .. 

STOP:    Instructor  Check* Point   


/ 


g.    Lube  journals,  in$tall  lower  bearing  half  and  caps -and 
tighten  to  specifications. 
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h.    Check, crankshaft  for  freeneas  of  rotation  after  each  main 
bearing  la  tightened.    It  should  turn  freely.  ,  ^ 

STOP:    Instructor  Check  Point 


4;    Cylinder  wear  measurements. 

'  a.    Position  engine  with  cylinders  In  a  horizontal  position  with 
.   t  cam  shaft  side  of  block  dc 


JiC 


Clfiaa_cyllade.r8..  thorougbl 


\bt  Using  telescoping  gage  with  outside  micrometer »  measure 
y    cylinder  dimensions  and  record  results  In  space  below. 


CYLINDER  if- 


CYLINDER  # 


t0P 

BOTTOM 

TOP 

L. 

{ 

1. 

2. 

*  f\ 

i    \  ' 

2. 

t 

3. 

3. 

STOP:  %s 
5,  Piston 


:ructor  Check  Point 


ring  end  cap  measurement, 
a.    Refnove  rings  from  pistons  as  directed  by  the  Instructor. 


ace  compression  ring  Into  cylinder  near  bottom  of  ring 


travel . 


1)    Use  piston  without  rings  to  square  ring  with  cylinder  at 
the  correct  position  for  measuring. 


c.  /Using  thickness  gauge,  measure  ring  gap  and  record  measure- 
fliient  In  space  provided  below.  ^ 


RING  GAP  A  CYLINDER  NO. 


RING  GAP  -  CYLINDER  NO. 


.P:  Instructor  Check  Point 


Measurement  of  connecting  rod  bearing  oil  clearance. 

a.    Clean  piston,  cylinder,  crankpln.^  connecting  rod  bearing 
^nd  cap.  ^3(^ 
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b«    Inter t  plitoni  in  correct  cylinder  with  numbered  side 
tovard  cemehaft. 

c«    Cut  a  section  of  plastigage  to  fit  crankpin  lengthwise. 

(1)    Place  plastigage  slightly  off  center  of  crankpin. 

d«    Install  cap  with  bearing,  numbered  side  toward  camshaft. 

e.  Alternately  torque  bolts  to  15  ft.  lbs.,  then  30  ft.,  lbs., 
_    with  a  final  torque  of  40    ft»  lbs*  ■ 


NOTE:    Do  not  rotate  crankshaft  with  plastigage.  in  place. 

f  •    Reoiove  rod  cap  and  determine  measurement  -  recprd  in  space 
provide4  below. 

g.    Remove  piston  assembly  from  cylinder  after  each  recording. 
OIL  CLEARANCE  -  CONN,  ROD  NO.  1_       OIL  CLEARANCE^-  CONN*.  ROD  N0._ 


STOP:    Instructor 'Check  Point 


NOTE:    Completely  remove  all  traces  of  plastigage  from  crankpin 
4^        ^  (   ^     and  bearing. 

STOP:    Instructor  Check  Point  

C.    Engine  Assembly.  ^ 

1.    Wipe  piston  and  piston  rings  blean,  install  piston  rings  on  pistons 
(make  sure  ring  gaps  are  staggered) . 

STOP:    Instructor  Check  Point    •  


2.  Install  ring  compressor  on  piston  and  cdmpres^  rings.    l^AKE  SURE 
RING  C(»IPRESSOR  IS  INSTALLED  CORRECTLY  (RIGHT  SIDE  UP) .  " 

3.  Cleaxi  and  lubricate  crankpin  and  bearing. 

4.  Install  piston  and  connecting  rod  assembly  in  cylincfer,  guide 
the  connecting  rod  onto  crankpin,  make  sure  ntmbered  surfaces 
face  the  camshaft. 

5.  Torque  connecting  rod  nuts  to  15  ft*  lbs.,  then  30  ft.  lbs., 
with  a  final  torque  of  40  ft.  lbs. 

6.  Install  oil  pump. 
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'     /  ■       -  L' 

7.    Remove  safety  lock  sin,  rotate  engine  counter-clockwiee  hlnetj|||» 
degrees  (Crankshaft  up) ,  Install  Safety  lock  pin. 


>    STOP:    Instructor  Check  .Point'  .  '  ^ 


tfe    Coat  timing  gear. cover  gasket  lightly  with  greaae.  place  gaaket 

on  engine. 

Rotate  crankshaft  until  'crankshaft  and  camshaft  timing  marks  are 
aligned*  '  ^         ^  ^ 

^^^^  10^    Instaal^aligli«|  tool  T61P-6019-B  into  timing  gear  cover^seal. 

11.  Install  timing  gear  cover,  align  and  ^fhstall'all  screws. BEFORE 
tightening,  DOj  NOT  OVER  TIGHTEN.*    Remove  aligning  tool  from 
crankshaft. 

12.  Lubricate  pins,  lower  cylinder  walls  and  cam  lobes. 


STOP:    Instructor  Check  Point 


*  i3.    Coat  pan  gasket  lightly  \4^|:h  grease,  place  on  engine. 

14.    Install  oil  pan>,  install  and  align  ALL  screws  BEFORE  tightening. 
»D0  NOT  OVER  TIGHTEN. 

!  ■    '      ,  ✓  • 

/15.    Remove  safety  lock  pin  from  engine  stai;id  and  crwik  wigine  stand 
.to  position  engine  right  side  up,  insert  safety  -lock  pinJ^ 

16.  Install  OIL  PUMP  DRIVE  SHAFT  with  slotted  end^. 

17.  Install  distrjEfeCtor  assembly,  with  the  rotor  pointing  to  approx- 
imately SIX  O^CLOCK.    Make  sure  distributor  yihaft  is  fully 
inserted.  • 


STOP:    Instructor  Check  Point 


18.  ,  Install  crankshaft  vibr^ition  damper torque  .to.  60„ft.  lbs* 

19.  Clean  and  inst^^L  valves  in  cylinder  head.    Lubricate  valve  stems. 
Make  surft^pasdCtive  rotating  spring  retainer  is  on  eschaust  valVe. 

20.  Install  valve  tapj^ets  in  proper  sequence  in  block  after  lubri- 
catingi    •   .  I  '  .  ' 

21.  ^Install  cylinder <  hi^d  gasket  with  ridge  up.  . 

'22.    Install  cylinder  head  onycQgine  block.  ^  " 

lt\   ,      '  ^ 

23.  TlgHten  cylinder  head  boltb  in  proper  sequence  to  50  ft.  lbs.,, 
then  65  ft.  lbs'.,  witJi  finil  totque  of  75  ft.  lbs. 

24.  Install  valve  push  rods  ix^proper  sequence. 
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,25.    Exrg«a4  the  rocker  «nt(«)  with  the  pueh  rodCs)  and  tighten  the 
rocker  er«  sttxd  nut(s)  sufficiently  to  hold  the  push  rod(s)  in 
place.  ' 

26^    Install  jtappet  &over. 

STOP:    Instructor  Check  Point 


27.    Adjust  valves  using,  the  "Buddy  Throw"  method  to  position  engine. 

a.    Position  piston  of  cylinder  to  be  adjusted  to  TDC  compression 
stroke. 

b*    Adjust  intake  and  exhaust  valves  to  zero  clearance,  then 
tighten  fche  stud  nut  an  additional  1/2  turn. 


STOP:-  Instructor  Che^k  Point 


28^    Lightly  grease  rocker  arm  cover  gasket  and  install  with  rocker 
arm  tover.    DO  NOT  OVER  TIGHTEN. 

**      *  « 

2?.    -Install  spark  plugs.    Tighten  ONLY  to  15  ft,  lbs. 

* 

30.  Install  carburetor  assembly. 

31.  Lightly  grease  gasket  and  ii;istall  water  pump. 

32.  Lightly  grease  gasket  and  Install  fuel  pump. 

33.  Install  water  pump  pulley,  fan-blade  assembly  and  drive  pulley. 

34.  Install  altematoi;  and  fan  drive  belts. 

35.  Install  fuel  line  between  carburetor  and  fuel  'pump. 

36.  Install  vacuum  line  between  carburetor  and  distributor. 
STOP:    Instructor  ChecK^Foint 


37.  Install  oil  level  bayonet  gauge  and  PCV  valve  with  hose. 

38.  .Install  fuel  line  between  fuel  .pump  and  shut-off  valve,    DO  NOT 

TURN  FUEL  ON. 

39.  Install  radiator  with  brackets  to  engine  stand, 
AO.  .  Install  radiator  hoses  and  upper  radiator  brace, 

STOP:    Instructor  Check  Point 
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41.  Install . Instnaent  panel,  carefully  connect  all  vlrea  and 
control  dibles  to  their  coaponenta.    Install  distributor  cap, 
coll  and  vires. 

42.  Install  cranking  motor. 

43.  Install  air  cleaner. 

44.  Install  exhaust  pipe  to  valve  flange  first,  then  to  exhaust 
aanifold.    Insure  that  engine  stand  is  properly  aligned  so  that, 
no  undue  strain  is  placett  on  the  manifold'. 

45.  Using  a  clean  oil  can  with 'spout,  fill  crankcase  to  proper  level 
with  oil  as  directed  by  the  instructor. 

» 

46.  Fill  radiator  with  clean  water, ^heck  for  leaks. 

47.  Check  fuel  supply,  tur]a  on  valve,  check  for  leaks. 

>  STOP:    Instructor  Check  Point  


48.  Install 'a  fully  charged  12  volt  battery  in  battery  box. 

49.  Determine  proper  battery  polarity,  connect  cable  from  the  electro- 
magnetic switch  to  battery.  >  ^ 

50.  Install  ground  cable  on  battery. 

NOTE:    Check  to  see  if  ANY  TOOLS  have  been  left  on  engine  and  that 
fan  blades  DO  NOT  touch  radiator  or  hoses. 

Instructor  ONLY  will  start  the  engine  on  the  Initial  start  I 
The  student  will  closely  observe  oil  pressure  indicator,, 
check  for  oil,  fuel  and  water  leaks. 

IF  OIL  PRESSURE  DOES  NOT  REGISTER  IN  A  REASONABLE!  LENGTH  OF 
TIME,  ENGINE  WILL  BE  SHUT  OFF.  AND  THE  CAUSE  DETERMINED. 


ADDITIONAL  EVALUATION  CONSIDERATIONS 

Student  mafj ^operate  the  engine  as  directed  by  the  instructor,  observing 
ALL  SAFETY  PRECAUTIONS. 


D.    Cooperation  with  team  mate. 

1.  Gives  and  takes  directions  equally  well. 

2.  Correctly  interprets  instructions. 

3.  Communicates  in  a  friendly  manner.  ^ 

>4.    Provides  timely  suggestions  and  assistance  to  team  effort. 
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5.    Ptrforu  tffldtntly. 
B.    Use  of  tools. 

1.  Accurate  tool  selection. 

2.  Sefe  sppllcatloh  of  tools. 

^  3.  teedlng  end  Inteirpretation  of  meesurlng  Instruments. 
P.    Shop  safety. 

1.  Handling  of  fuels. 

2.  Handling  of  lubricants. 

3.  Handling  of  batteries. 

4.  Good  housekeeping. 

5.  Observes  posted  safety  precautions. 

6.  Conforms  to  smoking  regiilatlons. 

7.  No  skylarking. 

6.    Attitude.  u 

^   .  1^  Alertness  and  interest  In  training  situation  at  hand. 

2.  Displays  a  genuine  desire  to  participate. 

3.  Kotivated  towards  learning. 
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-  HAVAL  CCRSTIOCTKW  TUDHW!  CEITEM         C  C/  f 
POKT  HDBMBS,  CALIFOMU  93043 

COOTTRBCTIOH  MiCHAHIC 
CLASS  "A" 

CODISB  mJKBZll  A- 610-0022 

)CASURDIG  mSTKmClfTS 
A.    Mlcro«tt«r  C«llp«r 

1.  NoMnelature 

«4    Coapofed  of  5  Mjor  parts. 

(1)    Fr««i  ^ 
'        (2)  Barrel 

(3)  Anvil 

(4)  Spindle 

(5)  Thlable 

2.  Method  of  correcting  •Icromter  rero-iettlng.  ■ 

Use  atandard. 

be    Alloir  for  correction. 

(1)    lero-ietting  method  will  very  with  different  Mkee  of 
sicroMtere^  ueuelly  done  by  Senior  P.O.  eeiigned  to 
the  mchine  shop. 

3.  Reeding  the  settings  of  the  wlcroiieter  ciliper. 
«,    Detemdne  the  inch  size  of  »icro«eter  frame. 

b.  One  numbered  barrel  division  represents  .100  of  en  inch. 

c.  One  barrel  division  between  the  nuebered  division  represents 
.025  of  an  inch. 

d.  Beveled  edge  of  thiable^s  circtmference  is  divided  injw 
25  divisions.  , 

(1)  Each  division  repifesente  .001  of  an  inch. 

(2)  One  conplete  revolution  of  the  thiiAle  equals  1/40  of 
an  Inch  or  .025. 
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Sttpo  to      taktn  btfort  Mt«urlng« 

(1)  Cle«A  surface  to  b«  Mastered. 

(2)  Clean  faces  of  spindle  and  anvil. 

(3)  Check  spindle  for  free  turning. 

(4)  theck  sdcrometer  for  accuracy. 

b.    MeaAure  front  and  rear  of  journal  for  taper. 
(1);    Measure  diameter  at  three  (3)  .positiori)^^ 

B.  Calipers 

1.  Inside  calipers 

a.    Checks  internal  tieasureaents. 

(1)    Measurements  «ust  be  read  with  aid  of  a  rule, 
(a)    Instructor  denonstrates 

2.  Outside  calipers 

3.  Taking  nsasurements  with  calipers. 
C«    Thread  gauges 

1.  National  course  (U.S.S.)  United  States  Standard 

2.  National  fine  (S.A^E.)  Sbciet  of  Automotive  Engineers 

3.  Method  of  checking  threads  with  gauges  (mention  depth)  etc  • 
a.    Used  to  find  number  of  threads  per  inch  (pitch) 

(1)    Instructor  demonstrate 

D.  Thickness  Gauges  (feeler  gauges)  and  step  gauges 

I.    Used  to  check  very  small  clearances  between  two  flat  surfaces^ 

E.  Spark  plug  gap  giuges 

1.  ^Advantages  of  round  gauge  over  flat  gauge. 

a«    Flat  feeler  may  net  measure  point  ofjening  if  used  on 
roughened  points  as  accurately  ,as  a  round  gauge. 
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2.    Qa«  c(f  spark  plof-  gaugt. 

a.    To  provld*  tpark  pluga  with  «n  accurata  air  gap  batw«eti 
•l«etrod«a. 

Ml«e«liaMOiM  Measuring  InscruMnCt 


a.    CooMon  rule 

(1)    Calibrated  In  Inches  and  cotton  fractional  parts.  - 

b«    DcclMl  rule  ' 
(1)    Calibrated  by  Increments  of  tenths* 


c.  Tape  rule 

(1)    Sane  as  cotton  rule,  except  that  tt  is  flexible,  and 
nay  be  rolled  up« 

d.  Folding  rule  (Carpenters  rule) 

(1)    Sane  as  ca«ik>n  rule,  except  that  It  nay  be  folded. 

« 

2«    Telescoping  gauges 

a.    Used  to  measure ^inside  dimensions  with  the  aid  of  an 
outside  nlcroneter,  / 


nicrometer  don't  squeese  nlcromtter  down  too  tight  or 
reading  will  change. 

3«    Inside  nicrometer 

a«    Used  to  measure  inside  dinensions  without  the  aid  of  an 
outside  nlcromtter. 

4«    Depth  nicrometer 

a«    Calibrated  same  as  micrometer  caliper.  , 

(1)    Calibrations  progress  in  reverse  direction 
5.    Dial  indicators  ' 

a.    Has  a; contact  point  that  bears  against  a  shaft  or  rod  t 
check  its  alignnent  and  wear. 


1. 


Rulers 


MOTE:    t^ien  trans fering  reading 
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b.    Th«  common  dial  indicator  has  a  dial  that's  graduated  in 
thousandths  of  an  inch  both  plus  and  minus. 

<» 

Importance  of  Accuracy 

1.  Quality  and  efficiency  of  work  performed. 

2.  Extent  of  repairs  needed. 
Care  of » Measuring  Instrumen^ts 

1.    These  are  precision  tools  and  should  receive  utmost  care.. 


^    a^  Protect  from* rust.  N 

b.  Protect  from  lint. 

c.  Avoid  mechanical  damage.  ^ 

d.  Keep  clean  and  lightly  oiled,  dip  in  kerosene  let  drip  dry. 


rv 
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NAVAL  CONSTRUCTION  TRAINING  CENTER  CM  "A"  IS  1.2.4.2 

PORT  OIENBMB,  CAUPOFNIA 
CONSTRUCTION  MECHANIC  CLASS  "A"  COURSE  NUMBER  A-610-0022 

ERACTIONS 


FRACTIONS:    A  fraction  is  Qocnr  more  of  the  equ.l  P""  Into  which  .nythlng 

 ■     may  be  divided.    For  example,  three  eight,  means  that 

the  whole  is  divided  into  eight  parts  and  thrs^^  of  the.«  P*"* 
.re  taken.    A  fraction  also  indicates  division.    ^  fraction  has 
tvo  parts  called  terms.    One  is  the  denominator  which  is  written 
below  the- line  and  this  tells  into  how  many  parts  the  ^hole  has 
;  been  divided.    The   manerator  or  tb-  number  above  the  line  tells 

how  many  of  these  parts  are  taken. 

NOTE:    2  "  Numerator 

^  Denominator 

KOTE:    By  cancellation,  we  can  reduce  a  fraction  to  its  lowest  ^erms  The 

numerator  and  denominator  of  a  fraction  may  be  divided  or  multiplied 
by  the  same  number  without  changing  the  value  of  the  fraction. 

EXAMPLE:    Reduce  the  following  fractions:  4/8 

)    Kt^  ^  1/i   1/2  "x  4/4  -  4/8 

Addition  of  common  fraction:  Is  the  uniting  of  two  or  ^"*^"°"r^^f  "^^^ 
  one.    The  fraction,  whole  number,  or  mixed  numocr 

obtained  is  called  the 

THE  RULE  FOR  THE  ADDITION  OF  COMMON  FRACTIONS  IS:  ^ I 

column  the  same  as  in  the  addition  of  whole  numbers.    Reduce  them  «1J  ^o  a 
coS  Seno^iaator;  ad^  all  the  numerators  and  place  their  s«.  over  the 
denominator.    To  reduce  fractions  ta  their  leapt  common  denominat^^^^ 
all  of  the  denominators  >in  a  horizontal  line  and  divide  by  the  ^^^^ 
^11  go  into  the  most  denominators  without  a  remainder.    Continue  this  Process 
m^til  the  last  line  is  composed  entirely  of  opes..  Then  multiply  ^JJ  °f 
dJvlsor.  together  and  their  product  will  be  the  least  comdion  denominator. 

EXAMPLE:    Add  the  following  fractions:    3/4,  5/6  and  7/8 
EXAMPLE:    Find  the  lease  common  denominator  of  3/4,  5/6  and  7/8 

2/4,  6,  8  1.    Wtite  the  dcncmiinators  one  beside  the  other  in  a  divisiv 

^  box 

2/2,  3,  4  2.    Divide  by  a  number  that  will  gointo  the  greatest  number 

denominators 

■    3/1,  3,  2  3.    Repeat  this  division  until' the  quotients  are  all  one. 

2/1,  1,  2         4»   Multiply  all  diviscbrs  to  arrive  at  the  least  common 
^  denominator. 
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EXAMPLE:    L»a»t  conwon  denominaCcr  Is  2x2x3x2"  24 

3/4  »  ia/24 
5/6  20/24 

-^■^  *  59/24  =>  2-11/24  (Reducs  all  fractions  to  their  lowest  form). 

snBCTACnON  OF  r.nMtf)W  FRACnONS  IS:    The  process  of  taking        ^r^f, ^"'to°° 
from  another.    Tlic  fraction  .  whole  number,  or  mixed  number.    Reduce  thrnto 
a  c^n  mnu^rator  of  the  .inucnd  and  place  thci.r  difference  over  the  common 
denocalnatror 

^     lA  Remainder  or  difference  1/16  Remainder 

or  difference 

>;ULTIPLICATION  OF  COMMON  FRACTION  IS:    The  process  of  °"i"P^yJ"8 
by  another,  multiply  the  numerators  together  and  place  «=he  product  over  the 
product  of  the  denominators  obtaining  a  neu  numerator  and  new  denominator. 
Then  if  possible,  reduce  the  new  fraction  formed  to  its  simplest  form 

EXAMPLE ;     (1^  Multiplicand  (2)  Multiplier 

178x2/5=2/40  ,3/8  of  4/5  4/5x1/2- 

12/80  -  3/20 

nrPTAKATTON  OF  THE  ^ORD  "OF":  The  work  "of"  has  exactly  ••^^^^^f/^^g^Js 
the  multiplication  sign  "x".    Hence,  2/3  of  4/5  is  the  same  as  2/3  x  4/5-8/15 

MULTIPLICATION  OF  FRACTIONS  BY  CANCELLATION:    If  a  number  of  ^"'^tion  and 
Saiile  numbers  or  mixed  numbers  are  to  be  multiplied  together,  the  method 
of  cancelling  can  be  used  to  great  advantage. 

THR  glLE  OF  CANCKT.T,ATTON  FOR  FRACTIONS  IS:    Sefiarating  the  numerator  and^^^ 
denominator  of  the  fraction  into  their  factors  and  dividing  by  (cancelling 
out)  their  comnon  factors. 


EXAMJEE:  :14/l6  X  8/9  x  3/4  »  14/16  x  fl/9  x  3/4  -  7/12 

"nTTrffitnn  OF  COMMON  FRACTIONS;    Is  the  process  of  dividing  one  fraction  by 
another  fraction.    The  fraction  to  be  divided  is  called  the  dividend  .Th« 
fraction  which  io  divided  into  the  dividend  is  called^the  divisor  and  the 
result  is  called  che  quotient.  '  • 

THE  RULE  FOR  THE  DIVISION  OF  .FRACTIONS  IS;    To  divide         ^"f  /""^^J*- ' 

put  dotn,  the  fractions  the  same  as  in  the  multiplication  for  f"f        J^f"  ' 
invert  the  divisor  and  multiply  the  numerators  together  and  the  denominators 
and  reduce  to  its  simplest  form.    After  inverting  the  divisor,  ""^^J^f 
should  be  used  when  ever  possible.  .Cancellatioti  consists  of  cancelling  out 
the  factors  which  are  common  in  both  the  numerator  and  the  denominator  and 
then  multiply  the  retaaining  numerators  together  and  reduce  the  result  or 
product.  DIVIDEND^ 

EXAMPLE:     (1)  1/8  4  1/5  -  1/8  x  5/1  -  5/8  Quotient 
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mmK:    (2)  1/4  T  3/2  s  1/4  X  2/3  *'2/l2  -  1/6 

Remcmbctr  for  divlAion  of  fractioas,  change  t)ie  divliion  ilgn  to  thir  oultiplic- 
acion  stgn,  invert  the  divisor  and  proceed  aa  in  multiplication 

COHVERSION  OF  COWON  FRACTIONS  TO  DECIMAL  EQUIVALENTS;  A  comuion  fraction 
an  indicate  division^  By  dividing  the  numerator  by  the  denominator,  the 
resulting  quotient  v7ill  he  the  decimat^equiVal^at  o£  the  fraction. 

THE  RDLE  FOR  CONVERTING  A  (Xmm  TRACTION  TO  A  DECIMAL  EQDIVALENT  IS;  Since 
a  fraction  is  an  indicated  division,  'divide  the  numerator  by, the  deaominator, 
putting  a  decimal  after  the  numerator  and  adding  zeros  and  carry  out  the 
division  to  as  many  decimal  places  as  are  desired* 


EXAMPLE:     (1)  ^62^ 
5-8  ) 


Decimals  play  a  very  important  part  in  mathematics  and  solving  of  mathematicil 
problems.    By  the  use  of  decimals,  more  exact  results  can  be  obtained  in  the 
solution  of  problems.    Various  trades  require  different  degrees  of  accuracy 
and  also  some  trades  require  measurements  expressed  in  decimal  form*    It  is 
therefore  necessary  for  the  mechanic  to  be  able  to  use  decimals ,  convert 
decimals  to  comcQon  fractions. 

A  decimal  is  a  fraction  whose  denominator  is  a  power  of  10,  that  is  10,  100, 
1000,  etc.    It  is  written  without  the  denominator,  but  the  power  of  ten, 
which  should  represent  the  denominator  is  denoted  by  the  number  of  digits  on 
the  right  hand  side  of  a  dot  called  the  decimal  point. 

ADDITION  OF  DECIMALS: 

THE  RULE  FOR  THE  ADDITION^OF  DECIMALS  IS :    To  add  decimals,  write^ the  numbers 
in  a  column  so  that  (be  decimal  points  are  in  the  same  column,  add  each 

column  separately.    Place  the  decimal  point  on  the  stmt  In  the  same  column 
r.8  the  other  decimal  points. 

* 

EXAMPLE:     (1)  2i;05  (2)  678.764 

22.02  33.432 

23.10  7.010 

66.17  Sum  719.206  Sum 

'SUBTRACTION  OF  DECIHUS  IS:    The  process  of  taking  one  decimal  from  another. 

f>  '  * 

THE  RULE  FOR  THE  SUBTRACTION  OF  DECIMALS  IS :    To  subtract  decimals,  vrite  ::he 
numbers  in  a  column  so  that  the  decimal  points  are  in  the  same  colinnn.  Place 
tho  decimal  point  in  the  difference  in  the  seme  eolumn  as  the  other  decimal 
points.  -  , 

EXAMPLE:     (1)    24.05  Minuend 

22>in  Subtrahend 
1.95  Remainder  or  difference 
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MULTlPLICAriON  OF  DECIMALS:    Is  the  process  of  multiplying  the  multiplicand 
by  the  multiplier,  ''^ 

THE  RULE  FOR  THE  MULTIPLICATION  OF  DECIMALS  IS;    To  multiply  decimals,  place 
the  last  figure  of  the  multiplier  under  the  last  figure  of  the  multiplicand; 
then  starting  at  the  right  multiply  each  figure  of  the  multiplicand  by  each 
figure  in  the  multiplier.    Beginning  at  th^  right  point  off  in  the  product 
as  many  decimal  places  as  there  are  dicimal  places  in  both  th6  multiplier 
and  the  multiplicand.    The  resulting  answer  is  the  product. 

EXAMPLE:     (1)    25.25  Multiplicand 
1.13  Multiplier 
7575 
2525 
2525 

28.5325  Product 

DIVISION  OF  DECIMALS;    Is  the  process  of  finding  the  value  of  one  of  an  even 
pumber  of  equal  parts  into  which  a  quantity  is  to  be  divided.    When  the 
quantity  is  divided  by  another,  the  first  one  is  called  the  dividend;  the 
second  is  called  the  divisor,  and  the  result  which  is  obtained  is  called  the 
quotient. 

THE  RULE  FOR  THE  DIVISION  OF  DECIMALS  IS;    To  divide  decimals,  put  the  dividend 
down  with  the  divisor  to  the  left  of  it,  with  a  curved  line  separating  the 
two  quantities.    Proceed  as  in  long  division.    Jhe  quotient  is  pointed  off 
from  right  to  left  the  number  of  places  equal. to  the  difference  between  the 
number  of  decimal  places  in  the  dividend  and  th'e  divisor.    When  thete  are 
more  decimal  places  in  the  divispr  than  in  the  dividend,  add  zeros  to  the 
dividend  and  carry  out  the  division  as  far  as  required. 

EXAMPLE:     (1)  3  Quotient 

1.5  )    4.5  Dividend 

0  0- 

CONVERSION  OF  DECIMAL  FRACTIONS  TO  COMMON  FRACTIONS  IS;    The  process  of 
changing  a  decimal  fraction  to  a  common  fraction.  ■ 

THE  RULE  FOR  -GONVERSION  OF  DECIMAL  FRACTIONS  TO  COMMON  FRACTIONS  IS ;  To 
reduce  a  decimal  fraction  to  a  common  fraction,  place  the  number  which 
appears  after  the  decimal  point  over  1  with  the  same  amount  of  zeros  as  there 
are  figures  appearing  in  the  numerator.    Now  reduce  this  common  fraction  to 
its  simplest  form. 

EXAMPLE:     (1)    Convert  .625  to  a  common  fraction 
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Construction  Mecfianlc  Class  "A"  Course  Nvunber  A-610-0022 

MATHEMATICS  WORK'  SHEET  ' 

DECIMALS 


ADDITION; 
1. 

'     ■  .1 


.5     2.  .06 
.2  .04 
.03 


SUBTRACTION;  > 

6.  625.75 

234^  


3.  4.250 
6.000 
8.755 


4.  1.260 
.483 
"".900 


5.  3.11 
24.00 
..60 


7.    436.62        8.    218.08       9.    1,0000       10.  .4980 
148.35  139.25  .6536  .4058 

•  \ 


MULTIPLICATICW; 

11.    8.75         12.,  2.45 
3.5  2.56 


13. 


12.36 
.45 


14. 


3.37 
1.12 


15.  3.14 
2.5 


DIVISION: 


16.    32)  .208 


17.     .063)  .875 


18.     .625)  72 


19.    6.05)  .454 


20.    .08)  6.455 


ERIC 


(1  of  3) 


ERIC 


^11 


FRACgONS 


CM/i  VS  1.2.4.1 


Al/OITION 
1. 


1/5 
1/5 
2^ 


2. 


1-1/2 
1-1/4 
1-1/4 


3. 


2-3/4 
4 

1-1/4 


4.  1/5 

1/4 


5.  1-1/8 
1-1/4 

km 


SPBTRACnOH: 

1.  4-5/6 
1/6 


2.  5-1/4 
3 


3.  7-1/5 
3-3/8 


4.  6-3/4 
2-5/16 


5.  5-19/32 
<  2-13/32 


MIILTIPLICATIOH; 
1.    4  X  1/2 


2.    4/5  X  1/2 


3.    3-2/9  X  8-3/4 


4.    3/4  .  4/9  X  6/U  x  3-1/7  5.    2-2/5  x  7-1/2  x  3-1/3  X  2-1/10 


DIVISIOH: 

1.    2  *  2-1/2 

4.    2-3/4  ;  4-2/5 


2.    21  ;  3/4 


3.    3/8  t  4-2/5 


COWVEgr  FRACnOHS  TO  PeCIMAL  EQUIVALENTS^;  ^     •  ^  . 

I.    1/16   .   2.    1/A.      3.    3/8       4.    7/16'  5.    13/16  -  .  ;'  '\  ' 

COHVEKT  IMSCIMALS  TO  FRACTION  EQUIVAIZKTS;  •    ^^^^^  ' 

U    .09375  '    2..    .1875       3.    i3750       4.  .3125       5.  .  .8750, 
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COHVERSION  CHART 

SHOWING  MILLIMETER  SIZES,  FRACTIONAL  AND 
DECIMAlInCH  SIZES  AND  NUMBEI^  DRILL  SIZES 
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NAVAL  CWSTKUCTION  TRAINING  CENTER  P 
/port  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING '  COURSE  A-610-0022 


JOB  SHEET 


TITLE:    GASOLINE  ENGINE  DIAGNOSIS  AND  ADJUSTMENT 

'introduction:    You  will  perform  specific  engine  tests,  tune-up  and 
engine  trouble  diagnosis.    You  will  use  the  cp;npression  gauge,  vacuum 
gauge,  tachometer  and  timing  light  to  make  routine  tests  of  engine  per- 
formance.  ^You  will  record  the  results  of  the  tests  from  which  you  will 
recomend  ii^t  measures  are  to  be  tak^n  to  correct  any  malfunctions 
discovered.    To  arrive  at  this  you  wi4l  use  job  sheets,  manufacturer's 
specifications  and  a  trouble-shooting  chart.    You  must  1)e  correct  in 
your  tests,  diagnosis  and  tune-up.  ^ 

TOOLS  AND  EQUIPMENT: 

1.  Automotive  shop  hand  tools. 

2.  Battery  starter  tester  (BST) . 

3.  Compression  tester.  ^^"^  -^'"'^^ 

4.  ^  Hydrometer 4^ 

5.  Solder  gun. 

6*    Ford  6  cylinder  gasoline  engines. 


7.  Tach-dwell  meter. 

8.  Timing  light. 

9.  VaQutxm  gauge. 
CONDITIONS:  '  , 

A.  Student  teams  of  two  (2)  students  each  are  assigned  to  a  Ford  6 
cylinder  gasoline  engine  to  accomplish  basic  diagnostic  procedures 
and  adjustments. 

B.  Each  team  is  provided  with  all  required  tools,  instruments  and  job 
sheet  with  manufacturer's  manual  covering  thh  diagnc^sis  and  adjust- 
ment processes  to  be  performed.  --^ 

C.  All  backgroxind  theory  and  necessary  details  are  covered  in  the 
classroon  lecture/discussi6n  prior  to  the  shop  performance; 
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PROCEDURE: 

A.    Compression  test.        '  ^ 

1.  Prestart  check  and  bring  engine  to  operating  tc^periiture. 

*  ■'f 

2.  Turn  off  fuel  valve  at  fuel  tank. 

3.  Remove  all/ipark  plugs.. 
4»    Compression  test  (d^ry) . 

a.-  Procedure. 

(1)  Block  throttle  to  wide-open  position. 

(2)  Open  choke. to  fully-open  position. 

(3)  Ground  coil  secondary  wire. 

(4)  Connect  tester  to  cylinder. 

(5)  Turn  engine  using  cranking  motor. 

'(a) '  Tu^n^engine  an  equal  number  of  times   or  each  • 
cylinder  tested. 

(6)  Gauge  dial  will  register  compression. 

(7)  Check  all  cylinders.  .  ^ 

(8)  Record  all  readings  in  space  provided. 
5.    Compression  test^  (wet) . 

a.    Procedure,  oil-check  method. 

(1)  Add  an  equal  amount  of  oil  to  each  cylinder  (1/2  ounce). 

(2)  Hecheck  all  cylinders. 

(3)  Record  all  readings  in  space  provided. 

(4)  Compare  readings  (dry  to  wet),  record  variations. 
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PROBABLE 


DRY 


WET  VAIUATION  CAl^SE 


1.  1.    h  .   1-   

2.    2.   2.    2.   

3.   ■      3.    ,3.    3.   . 

A.    4.    4.    4.   

5.    5.    5.   5.  _  

6.   6.    6.    6.  

6.    DiscotmecC  ground  cable  battery. 

,•7.    Evaluation  of- test  results. 

a.  Variation  between  highest  and  lowest  pressures  should  -not 
exceed  15  PSI. 

b.  Low  reading  with  oil  check  indicates  bad  valves. 

c.  If  oil  check  raise's  reading  conpiderably;  indicates  piston 
rings.  ^  i 

d.  Low  reading  on  two  adjacent  cylinders  may  Indicate  blown 
head  gasket. 


STOP:    INSTRUCTOR  CHECK  POINT  

Spark  plug  service. 

!•    Inspect  spark  plugs.  _  ^ 

a.  Broken  insulation. 

b.  Loose  terminal. 

c.  Evidence  of  leaking. 

d.  Evidence  of  fouling. 

e.  Burned  electrodes. 

2.    Adjustment  of  plug  gap  using  wire  gauge, 
a.    Plug  gap  .035"..  ^ 

(1)  .Gauge  should/ pass  through  plug  gap  with  .flight  drag. 
%^  Do  not  install  spark  plugs. 

STOP:   'instructor  CHEOC  POINT  
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C.  Distributor  service.  - 

1.  Remove  distributor  from  engine. 

2.  ^    Place  in  vise  as  directed  (do  not  over  tighten). 

3.  Inspect  distributor  assembly. 

4.  Remove  contact  points  and  condenser. 

5.  Inspect  for  burned,  pitted  or  misaligned  points. 

6.  Inspect  condenser  for  physical  damage.  ^ 

7.  Inspect  vacuum  advance  unit,  linkage  and  breaker  plate  for  / 
proper  operation. 

8.  Inspect  drive  gear  for  physical  damage. 
^   9.    Remove  ^^res.f rom  (Cap  and  inspect. 

10.  Inspect  and  clean  rotor  and  distributor  ca^.    (Use  special  wire 
brush  for  termitial  inserts.) 

11.  Clean  and  lubricate  distributor  as  directed.  ^  , 

12.  Install  contact  points  on,  breaker  plate. 

13.  Adjust' points  to  .025". 

NOTE:    Align  points  by  bending  stationary  ppint  support  only. 
Instructor  will  check  point  adjustment  after  unit  has 
been  put  back  into  operation  oil  .the  engine.    He  will  use 
a  dwell  meter.    Reading  must  be  between  37  and  42  degrees. 

14.  Install  condenser  and  primary  wire. 

15.  Do  not  install  distributor  on  engine. 

Stop:  'INSTRUCTOR  CHECK  POINT  \  

D.  Valve  adjustments'. 

^    NOTfe:    Use  "Buddy-throw  method"  of  positioning  engine  for  valve 
adjustment. 

1.  Back  off  valve  adjus^?fient  nuts  two  (2)  turns. 

2.  ^just  intake  and  exhaust  valves  to  "zero"  clearance.  Then 

*  '      ^  tighten  the  stud nut  an  additional  1/2  turn.  ,       ^ .  .       .  .  < 
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NOTE:    Position  engine  as  follows  -  "Buddy-throw  method"  for 
adjusting  valves.    (Adjxxst  in  firing  order  sequence.) 

Adjust  valves  on  cylinder  When  intake  valve  starts  to  open  on 

nuaber:  cylinder  number:  C 

1  •  .  .  ,  

5  ,   .  2 

3  .  ^  .  .  .  4 

6  1 

2  .  .  .  ,  ,  5  " 

4   3 

note':    Do  not  install  v^lve  cover  on  engine.' 

STOP:    INSTRUCTOR  CHECK  POINT  

E.    Distributor  installation.  ' 

1.  Position  engine  so  tlitt  number  one. cylinder:,  is  TiJC  of  compression 

'  stroke.  '  *  /  ^'  ' 

2.  Install  distributor  assembly  with  rotor  pointing  to  approximately 
six  O'clock.    Make  sure  that  shaft  is  fully  inserted.    Do  not 
tighten  lock  bolt. 

STOP:    INSTRUCTOR  CHECK  POINT   J]::  ,  , 

3.  Install  valve  cover  with  gasket. 
4*    Install  spark  plugs. 

a.    Torqufe  to  15  ft.  lbs.  only» 

5.  Install  distributor 'c^  ajwhw^es. 

6.  Connect  battery  ground  cable  to  battery. 

7.  Start  and  run  engine  for  two  (2)  minutes  to  clear  cylinders  ot 
oil. 

P.    Ignition  timing. 

l;    Connect  timing  light  to  battery  ignition  system  as  directed  by 
instructor.  ^ 

2.    Start  engine. 
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*^        3*    Time  ignition  to  occur  at  6  degrees  BTDC  of  number  one  cylinder. 

NOTE:    Disconnect  and  block  off  vacuum  line  from  carburetor  during 
timing  operation. 

STOP:     INSTRUCTOR  CHECK/  POINT  

4.  Connect  vacuum  line. 

5.  Remove  timing  lig^t  from  unit. 
G.    Carburetor  adjustment.  / 

1.  *  Connect  tachometer  to  primary  circuit  between  coil  and  distri- 

butor, t 

2.  Set  tachometer  controls  for  proper  number  of  cam^,  lobes,  voltages 
and  RPM. 

3.  Operate  engine  until  it  is  warmed  sufficiently. 

4.  Adjust  engine  speed  to  550  RPM. 
a:*  .  Mlust  enginei  idle  ?i!M  to,  approximately  500  RPM. 
b.    Adjust  idle  mixture  screw  until  tachometer  shows  highest 


L 


reading. 

_  (1)    If  this  reading  is  not  550,  readjust  until  550  is 

^  achieved . 

NOTE:    The  idle  mixture  screw  is  always  the  last  screw  to  be 
adj'USted. 

STOP:    INSTRUCTOR  CHECK  POINT  

H.    Vacuum  tests. 

1.  Connect  vacuum  gauge  and  fitting  to  intake  matilfold. 
a.    Remove  pipe  plug  from  manifold  below  carburetor. 

(1)    Install  %vacuum  gauge  fitting. 

2.  Operate  engine  until  warm. 

3.  Vacuum  tests  (engine  running  at  idle  speed). 
NOTE:    Check  appropriate  bqx. 

'         .  459 
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a.  Steady  and  fairly  high  (18  to  21  Inches)     ye«  (  )  no  (  ) 

(1)  Normal  englae. 

b.  Steady  and  low   yes  (  )  no  (  ) . 
%  (1)    Late  ignition  tlaing.  ^ 

(2)  Leakage  around  pistons  and/or  rings. 

c.  Very  low   yes  (  )  no  (  ) . 

(1)  Leaky  intake  manifold  gasket. 

(2)  Leakage  around  valve  stems. 

d.  Oacillations  of  needlp  increasing  with  engine  speed    yes  (  ) 
no  (  ). 

(1)    Weak  valve  springs. 

e.  Gradual  falling  back  toward  zero,  with  engine  idling    yes  (  ) 
no  (  ). 

(1)    Restriction  in  exhaust  system. 

f .  Regular  dropping  badk   yes  i  )  no  {  }  * 

(1)  Restriction  in  exhaust  system. 

(2)  Plug  not  firing. 

g.  Irregular  dropping  back   yes  (  )^no  (  ). 
,        ^(1)    Sticking  valves. 

h.  Floating  motion  or  slow  oscillation    yes  (  )  no  (  ). 

(1)  Rich  fual  mixture.  ^ 

(2)  Late  valve  timing. 

4.    Vacuui»  testa  at  variable  speeds. 

a.  .  Accelerate  engine  and  Quickly  dose  throttle  while  reading 
^  Vacuum  gauge.        "    '  ^ 

(1)    If  needle  swings  momentarily  to  23  -  25  inches    yea  (  ) 

.  .     ■    .  no      (      )  .  ^  ; 

(a)    Compression  is  normal. 

'    (7  of' 8) 

•  .460 


\ 


CM  *'A"  JS  1.2. 6,1 

(2)    If  needle  swings  momentarily  to  a  reading  below  23  •  25 
inches    yes  (  )  no  (  ) . 

Ca)    Trouble  with  rings,  pistons,  cylinders  or  valves. 
Cooperation  with  team  mate.    /?  .  « 

1.  Gives  and  takes  directions  equally  well. 

2.  Correctly  interprets  instructions. 

3.  Communicates  in-  a  friendly  manner. 

4.  Provides  timely  suggestions  and  assistance  to  team  effort. 

5.  Performs  efficiently. 
Use  of  *tools. 

1.  Accurate  tool  selection. 

2.  Safe  application  of  tools. 

3.  Reading  and  interpretation  of  special  too^^s  and  measuring  »  , 
instxniments. 

Shop  safety. 

l^    Handling  of  fuels. 

1\    Handling  o*f  lubricants. 

3.  Handling  of  batteries. 

4.  Good  housekeeping. 

5.  Observes  posted  safety  regulations." 

6.  Conforms  to  smoking  regulations. 

7.  No  skylarking. 

Attitude.  •  ' 

1.  Alertness  and  interest *in  training  situation  at  hand. 

2.  Displays  a  genuine  desire  to  {participate. 

3.  Motivated  toward  learning. 
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NAVAL  OmSTBUCTION  TRAINING  CENTER 
FORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Topic:    Caterpillar  Diesel  Engine  Operation 
Average  Time:    5  Periods  (Class),  2  Periods  (Pract) 
Instructional  Materials: 
A*  Texts: 

.1.    Construction  Mechanic  3  &  2,  NAVPERS 
10644-F,  pages  169-202. 

2.    Operation  and  Maintenance  Instructions, 
Caterpillar  D-333  and  D-3306  Industrial 
Engines  Form  FE045040-02,  Caterpillar  ' 
Tractor  Co.,  Peoria,  IlllQoia   61602,  pages 
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3"    Operation  and  Maintenance  Instruction, 
Caterpillar  D-342  Engine,  Fbrto  FE31603-9, 
Caterpillar  Tractor  Co.,  Peotia,  Illinois 
61602, ^pages  2]^34. 

B*    References:    None*  . 

C*    Tools,  Equipment  and  Materials: 

1.  tools. 

a.  Diesel  engine  handtools. 

b.  Diesel  engine  shop  tools. 
1.  Equipment. 
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Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  operate  and  service 
Caterpillar  dlesel  engines,  models  D-342  and  0-3306* 
He  will  use  appropriate  handtools,  special  tools  and 
shop  equipment.    His  performance  will  conform  to 
manufacturer's  recommendations  as  outlined  in  the 
Job  Sheet  CM  "A"  JS  2.1.1.1,  "Maintenance  of  Cater- 
pillar Diesel  Engines"  without  error. 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  prestart  check,  start, 
run  and  secure  Caterpillar  dlesel  engines,  models 
D-342  and  D-3306,  while  monitoring  Instruments  and 
interpreting  readings.    All  performances  will  conform 
to ^manufacturer's  recommendations  as  stated  Ip  the 
Job  Sheet  CM  "A"  JS  2.1.1.1,  "Maintenance  of  Cater- 
^lllat  meael  Engines'*  without  err<^r.  < 


Criterion  Test:    Prestart  check,  start,  run  and  secure 
Caterpillar  dlesel  engines  while  monitoring  Instruments 
and  interpreting  readings.    All  performapqc^  tQ.  ^    *  ^ 
conform, to  manufacturer's  recommendations  as  stated  ' 
in  job  sheet* 

Homework:  Read: 

1.  Construction  Mechanic  3  &  2,  NAVPERS  10644-F, 
pages  169-202. 

2.  Diesel,  The  Modern  Power,  4th  edition  (entire 
booklet)'. 
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a.    Major.  / 

(1)  Caterpillar  D3A2  Diesel  Engines 
y  (3  cacW. 

(2)  Cater/illar  D3306  Diesel  Engines 

(A  e^h). 

/  * 

3.    Materials  ^consumables) .  C 

\  7 
\  / 

a.  Cleaning  solvent.  ^ 

b.  Diesel  fuel. 

/  X 

c.  y^ieseX^  engine  oil. 
A.    Wiping  rags. 

D.  yfraiiing  Aids  and  Devices: 

1.    Films.  '    .  ■  ^ 

;  a.-    MC9172A2,  "A  Matter  of  Time"  (color; 

23  mln.). 

~"  '"^  b.    MC10517 ,  "fflSCr  or  iriesil  ^tglnes" '  (Cbior , 

A       '  20  min.). 


2.    Locally  Prepared  "Material . 
;     .     a.    Information^  sheet. 
If  (1)    CM  V  IS  2.1.1.1,  "Magnetos". 


b.    Job  sheet. 


(1)    CM  "A"  JS  2.1.1.1,  ••Maintenance  of 
465    ^  '     Caterpillar  Diedel  Engines"'. 

erIc  ' 
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3,  Devices: 

a.    Cutaway  of  D-315  Caterpillar  Diesel 
Engine • 

£•  ,  Training  Aids  Equipment:  ^ 

1.    16inm  spund4|Dvie  projector.  i 
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OUTLINE  OF  INSTRUCXIQW  / 
1.    Introduction  to  the  lesson. 
A.    Establish  contact.* 

1.  Naae: 

'  > 

2.  Topic:    Caterpillar  Diesel  Engine 
Operation. 


Establish  readiness,  ' 

1.  Purpose.  *  ^ 

2.  Assignment. 
C,  ^Establish  effect. 

1.    Value.  ,  . 
^  a.    Pass'  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d*    Be  a  better  Construction  Mechanic. 
1>.    Overview:  / 

1.    In  this  period  we  will  dldcuss  the 
L    '        history,  theory  and  principles  of 
♦  operation  of  the  average  diesel  ' 

engine i    All  particular  features  of 
a  specific  engine  will  be  covered 
in  4etall  when  the  engine  is  being  . 
discussed . 


^  INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic, 


I.B.    Motivate  student, 


I.e.  Bring  out  need  Vnd  value 
of  ;iiaterlal  being  presented. 


CM  "A"  IG  2.1.1 
STUDENT  ACTIVITY 

 rr-r,  


I.D.    State  leai^ning  object^.ves 
(refer  to  page '1  of  t;Jiis  I.G.).  ^ 
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2.    You  will  acquire  a  basic  knowledge 
^  pf  diesei  engi^^es  durigg^  this^phase  Qf  ^ 
Mechanics  School,  which  will  give  you 
necessary  information  for  advancement 
in  rate,  and/or  future  employment, 

3-    We  will  expose  you  to  a  quantity  of 
information  cuat  vuxj  crsist  you  in 
deciding  upon  a  future  occupation, 
and/or  "inslTinr-a-deslre^a  coiitfiiiue 
your  education. 

*4.    The  diesel  engine  is  here  to  stay,  and 
within  your  life  you  will  likely  see 
this  type  engine  replace  many  gasoline 
engines  in  the  passenger  cars  of  the 
future. 

5.  In  the  movie  to  be  shbwn,  you  will  see 
the  principles  of  diesel  in  operation 
from  the  first  form  of  its  crudest 
stage  to  some  of  the  present  day 
engines.    Any  questions  that  may  arise 
concerning  the  film  will  be  discussed. 

6.  From  time  to  time  we  will  give  facts 
governing  the  diesel  engine  and  will 
produce  some  comparisons  to  gasoline 
engines.    Each  of  the  engines  is  best 
designed  for  the  job  it  may  be  called 
upon  to  do. 

7.  Any  additional  paper  and  time  for 
taking  notes  will  be  allowed.    When  a 
question  arises,  which  is  not  clear  to 
you,  get  the  >lns true tor 's  attention  ^ 
and  he  will  make  an  attempt  to  explain 
Ini  detail.^  If  necessary  time  is  not 
sufficient  during  the  cl^Ss,  we^will  . 


Ctt  "A"  IG  2.:  1 
STUDENT  ACTIVITY 

I.D.I.  Take  notes  and 
follow  discussion. 
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ask  you  to  contSct 'us  during  the 
bfeak,  rather  than  holding  up  the 
class. 

We  will  show  the  film  and  have  a  dis- 
cussion period  limediately  following. 


9^  _  Suggestions  for  the  ind true to r . 

a*    For  many  Class  "A"  students,  this 
will  bfe  their  first  encounter  with 
diesel  engines.    Some  good  moti*- 
voting  factor  at  this  time  will 
do  much  to  keep  them  alert  and 
interested  throughout  the  "Diesel 
Engine  Phase"  of  training. 
Emphasis:^  the  Importance  of  the 
modern  diesel  to  the  Navy,  point 
out  that  the  recent  developments 
in  the  diesel  engine  such  as 
reduction  in  weight,  increase 
power  and  speed  have  placed  the 
diesel  in  competition  with  the 
gasoline  engine  in  many  applications 
never  before  considered. 


INSTRUCTOR  ACTIVITY 
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STUDENT  ACTIVITY 
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Presentation. 


A.  History. 


1.    The  principle  of  compression 
ignition  was  discovered  by  an 
d^diaAjaany  years  ago.. 

I    a.    Used  a  fire  stick  and  piece  of 
bamboo 


^         II. A.    Introduce  and  show  II. A.    Watch  movie  and 

^        movie,  MC10417,  "the  ABC  of"  the  take  notes. 
Diesel  Engine". 


II. A.  Review  high  points 
of  movie. 


JI.A.  Participate  in 
discussion. 
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OUTLINE  OP  INSTRUCTION 


2.  Dr.  Rudolph  Diesel  in  1892  applied 

-  -    same^  principle  4:a-an  englne^^  ^%iip^  .  . 
coal  dust.  \ 

''''"^  „ 

3.  In  1897,  Dr»  Rudolph  Diesel  success- 
fully ran  a  fuel  oil  powered  engine. 

B.    Principles  of  operation  of  diesel  engine. 


1. — Ar^atume  of  air"tB^ 
a  ratio  of  16  to  1. 


»sse4-with- 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.1  1 
STUDENT  ACTIVITY 


II .B.  Illustrate  compression 
ratio  on  chalkboard. 


2.  Compression  pressure  400  to  600  PSI. 

3.  Compression  temperature  800  to  1200 
degrees     — . 

« 

a.    Two  degrees  of  temperature  for 
each  pound  of  compression. 


erJc 


4.  *  Intake  stroke. 

a.    Only  air  is  drawn  or  forced  into 
the  cylinder. 


b.    Turbulence  is  the  whirling  motion 
of  air  within  the  cylinder. 

5.  Speed  of  erigir^  controlled  by  fuel- 
injection  period. 

a.    Gasoline  engine  speed  controlled 
^    by  admission  of  air. 

6.  Diesel  engine  32  to  38  percent 
efficient. 

^  a.    Gasoline  engii^  22  to  28  percent 
efficient. 


^  47, 
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b.    Efficiency  -  useful  power  from 
heat  generated. 

7.    Combustion  pressure '60Z  greater  than 
compression  pressure. 

a.    Rise  of  pressure  due  to  burning 

-  — ^of -fueLi^^ —  —  —  


b.    Combustion  pressures  approximately 
640  to  960  PSI.  . 

8.  Combustion  temperature  from  2500  to, 
3500  degrees  F. 

a.  Diesel  fuel  burns  with  a 
constant  pressure. 

b.  Gasoline  mixture  burns  with 
constant  volume. 

9.  Four-stroke  cycle. 

a.  Intake  stroke. 

(1)    Full  charge  of  air  at  all 
speeds. 

b.  Compression  stroke. 

(1)    16:1  (average).       ,  - 
X.    Power  stroke'.  , 


INSTRUCTOR  ACTIVITY 


CM  ''V' 

STUDENT 


IG  2.1.1 
ACTIVITY 
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II. B. 8.    Use  chalkboard  to 
explain  constant  pressure/vp. 
xonstant  volume. 


^  (1)  Downward  movement  until  exhaust 
f  valve  opens. 
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d.    Exhaust  stroke. 

(1)    Pumping  actions  of  piston  »  , 

in  4-st,roke  cycle. 

10.    Tvo-stroke  cycle. 

a*    Every  dovmward  stroke  of  piston  is  ^ 
a  power  stroke.  .  " 


b.    Every  uj^ward  stroke  of  piston  is 

compression  stroke.  .  , 

11.    Scavenging  methods. 

  » 

Va'ive-type  scavenging  on  all  4-  -  , 


a. 


Stroke  cycle  engines. 

(1)  Exhaust  valves  located  in  he^d. 

(2)  *  Exhaust  valves  actuated  by  can 

shaft « 

b.    Unif low- type  scavenging. 

(1),  Air  pressure  developed  by 
blower. 


12 .  ^  Supe^iahi 


(2r  T:rftake  ports  and  exhat^st^valves.         *        ^  ^ 

"  (3)    Air  enters  one  end  and  leaves 
V         at  other  end  of v cylinder. 

\  \         .  » 


ERLC 


Sii'peAoharging  and  turbo-charging. 

J 

« 

a.  Purpose. 

(1). '  Additional  air. 
479    .  *  (9  of  22) 
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CM  "A"  IG  2.1.1 
STUDENT  ACTIVITY 


48. 


(2)    Additional  air  in  cylindei- 
. permits  burning  more  fuel  to 
produce  more  power, 

b.    Method  of  accomplishing: 

(1)    Supercharged  with  blower. 

"       (a)    Ge^r-driven  (slows  down 
\         as  ^gine  lugs  down) . 

"  '    (^)    Turbo-charged  with  a  turbine. 

(a)    Exhaust  gas--driven  (speeds 
lip  as  engine  lugs  down)'.  ^ 

feovemors:    (Speed-control  device.) 

a.    Types.  * 

(1)  Constant  speed. 

(a)    GQnveyor  belt  power  (from  \ 
no  load  to  full  load, 
constant  power). 

(2)  Maximum  speed. 


♦(a)    Highway  equipment,  Climits 
maximum  RPM  engine) . 

(3)    Variable  speed. 

(a)    Dozer  application 
(allows  operatoi;  to 
maintain  any  desired 
V  speed) . 


,II.B.^3.a..(3)  Briefly  m'ention 
full-force  feed.  Each  engine 
has  detailed  coverage. 
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14.    Types  of  lubrica^tion  and  cooling 
systems.  4^- 

a.    Automotive  pd  tractor-type  diesel 
. engines.  ^  •        ^  ' 

Type  of,  lubricating  system. 

(a)    Full-force  fe^d. 

(2)    Type  of  cooling  system. 

(a)  Closed,  pressurized. 

(b)  Clo'sed,  non--pressuri2^d. 
Fuel-injection  system: 
1*.    Type.  , 

a.    Mechanical, -x>r  solid. 

(1)  Pump  and  nozzle  (Cat). 

(2)  Unit  injector  (CMC).. 
-  (3)    Distributor  (IHC  -  LD/LDS) . 

(4)    Pressure  -timed  (Cpmmins). 
2.  ^Function  of  fuel-injection  system. 


.  INSTRUCTOR  ACTIVITY 


II. B.  14. a.  Use.  chalttboard  to 
explain  closed  presAirized, 
closed  non-pressurized,  use  ^ 
open  cooling  system  for 
^comparison. 


CM  "A'^  IG^^:->  M 

-  STUDENT  Acnvm 


II. C.  .Give  brief  discussion 
on  various  fuej.  systems  to 
be  studied. 


II. C.    Students  ask 
questions,  take  notes 
as  needed. 


II. C. 2..    Place  on  chalkboard.      II. C. 2.    Students  copy 
Have  students  write,  M  -  Meter,  M,  I,  T,  A,  C  from 
I  -  Inject,  T  -  Time,  chalkboard. 
A  -  Atomize,  C  -  Create  High 
Fuel  Pressure. 
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OUTLDiE  OF  INSTRUCTION 

a.  Meter  or  measure  the  fuel. 

b.  Injection  of  fuel. 

c.  Time  the  injectiorTof  fuel. 
^                d.    Atomization  of  the  fuel. 

e.    Create  high  pressure  of  the  fuel. 
3.    Fuel  transfer  pumps. 

a.  Vane-type. 

b.  Gear-type. 

D.    Advantages  and  disadvantages  of  diesel 
engine. 

1.    Advantages  of  diesel  engines.  ' 

a.  Reduction  of  fire  hazard  (flash- 
point of  diesel  fuel  higher  ttioxi 

*    gasoline) . 

(1)    Fuel  does  not  evaporate  rapidly, 

,  (2)    Elimination  of  fuel  storage 

hazards, 

b.  High  fuel  economy. 

(1)  More  useful  power  per  pound 
•  of  ffiei. 

(2)  Will  burn  less  fuel  per  hour 
than  gas  engine  of  same  horse- 
pqwer. 


INSIRUGieR  ACTIVITY- 


— MITAC 


II. C. 3.  Show  by  chalkboard 
both  gear  and  vane  pumps. 


CM  "A"  IG  2.1.1 

STUDENT  ACTiVITY 


II. C; 3.  Draw  both 
pumps  in  notes.  / 
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OITLINE  OF  INSTRUCTION 

c.  Greater  use  of  heat  generated. 

d.  Elimination  of  ignition  system; 

(1)    Ignition  due  to  compression 
temperature. 

e.  Less  maintenance  and  more  reliable. 

(1)    More  rugged  parts  due  to 

high  temperatures  and  pressures 
not  requiring  repairs. 

Disadvantages  of  diesel  engines^ 

a.    Excess  weight  per  horsepower. 

(1)    Required  for  parts  to  withstand 
temperatures  and  pressures • 

b;    Initial  cost  muc*\^higher ■  than 
comparable  gasoline' engine. 

(1)  More  expensive  parts  to  with- 
stand temperatures  and 
pressures. 

Caterpillar  diesel  engine  operation.,' 

1.    Caterpillar  diesel  engine  description. 

a.    Four-stroke  cycle  principle. 

XI)    Oil  burning.  ' 

(2)  .  Comprefesion  ignition, 
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STUDENT  ACTIVITY 
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II. E.  Introduce  and  show  film,  II. E.  View  fllm.and 
MC9172A2,^"A  Matter  of  Time".      take  notes. 


II. E.  Review  high  points  of 
film.  . 


II. E.  Participate  in 
discussion. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.X.I. 
STUDENT  ACTIVITY* 


(3)    Compression  ratio  of.  16  Jto  1 
(average) . 

b.  Cylinder  block  arrangement. 
(1)    In-line  block. 

(a)  ^  6-cylinder. 

c.  Engine  classification,  bore  and 
stroke.  ^ 

(1) ,    D-342  -  5  3/A"  x  8". 

(2)  D-3306  -  A  3/A"  x  6". 

2.**  Starting,  operating  and  securing 
controls. 

a.    Compression  release. 

(1)  Located  in  varioup  positions 
on  different  engines. 

(2)  A  mechanical  device  used  to 
hold  valves  off  their  seats 
for  starting  purposes. 

<3)^  5  3/A"  bore  6-cylinder  engine 
opens  intake  valves. 

(A)    5  3/A"  bore  engine,  valves 
opened  by  pushrod  action  on 
rocker  arm. 

(5)    Two  positions  of  lever  for 
5  3/A"  bore  engines. 


ERLC 
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lI.E.l.b.    Use  cutaway  of  D-315 
Caterpillar  engine  to  show  and 
emphasize  diesel  engine  con- 
struction. .  ^. 


II. E. 2.    Take  class  to  shop  and  II. E. 2.    Participate  in 

point  out  controls  for  discussion  and  take 

starting,  running  and  securing  notes, 
the  Caterpillar  Diesel  Engine. 
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OUTLIST  OF  INSTRUCTIOK 


INSTRUCTOR  ACTIVITY 


(a)  Start  -  all  intake  valves 
held  open. 

(b)  Run  -  no  valves  tteld  down, 
b.    Starting  engine. 

(1)  4-stroke  cycle  gasoline. 

(2)  Magneto  ignition. 

(3)  Block  arrangement  starting 
engine..  , 

(a)  2-cylinder  in-line 
engine . 

(b)  2-cylinder  'horizontal 
opposed  cylinder. 

(4)  D-330^  has  direct  electric 
starting. 

Starting  engine  clutch. 

(1)  Wet  type. 

(2)  Cam  over  center  engaged. 

(3)  Clutch  brake. 

(a)  Cone  type.  *  ^  * 

(b)  Used  to  stop  pinion  from 
turning  when 'engaging 
pinion  gear. 


II.E.2.b.    Point  out^features 
of  starting  engine  and  issue 
information  sheet  CM  "A"  IS 
2.1.1.1,  ••Magneto'^ 
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(c)    Located  on  rear  of  clutch 
collar  and  clutch  housing. 

d.  Starting  engine  transmission. 

(1)  Located  behind  clutch. 

(2)  Two-speed  selection. 

(a)  High  range  -  normal 
starting.-  ^ 

. 

(b)  Low  range  -  cold  weather 
starting. 

e.  Starting  engine  pinion. 

(1)    Located  on  transmission  out- 
put shaft.  '  ^ 

'  (2)    Connects  starting  engine  to 
diesel  engine  flywheel." 

(3)  Pinion  manually  engaged. 

(4)  Automatically  disengaged  by 
centrifugal  force  when 
diesel  engjUde  starts* ' 

Pre-start  check,  starring,  operating 
and  securing.  <" 

a.    Pre-start  check. 

(1)    Check  lubricating  oil  level 
(add  if  necessary) . 

(a)    Starti|^  Engine. 


II.E.2,d.    Using  cutaway 
starting  engine  assembly, 
point  out  internal  features. 


II. E. 3.    Have  class  refer  to 
operation  and  maintenance 
instructions. 
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II. E. 3.    Refer  to  pages 
-  of  text  as  directed  by 
instructor. 
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(b)  Diesel  engine • 

(c)  Starting  engine  trans- 
mission. 

(2)    Check  water  level,  , 


(3)    Check  fuel  level. 

,  (a)  Gasoline. 

(b)  '  Diesel  fuel. 

(4j    Position  diesel  throttle  - 
make  sure  diesel  throttle  is 
in  "NO  FUEL"  position, 

(5)  Position  compression  release 

'  lever  -  place  lever  in  "START" 
position. 

(6)  Position  starting  engine  cltftch  - 
disengaged. 

(7)  Position  starting  engine 
transmission. 

(a)  "High  range"  in  warm 
weather  (40°  and  above) . 

(b)  "Low  range". in  cold 
weather  (below  40°) . 

(8)  Make  sure  all  movable  parts  are 
free  from  obstructions. 


INSTRUCTOR.  ACTIVITY 

II.E.3.a.    Issue  Job  Sheet 
CM  "A"  JS  2.1.1.1,  and 
demonstrate  operation  of 
Caterpillar,  diesel  engines. 

a,    Prestart  checks. 

\b.    Starting  and  operating, 

c.  Securing. 


CM  "A"  IG  2.1.1 
STUDENT  ACTIVITY 

II,E,3.a,  Observe 
demonstration  and  follow 
job  sheet  CM  "A"  JS 
2.1.1.1. 


^-  (17  of  22) 


r 


3ot 


CM  "A"  IG  2.1.1 

QUn^tKE  OF  IHSTRUCnON  INSTRUCTOR  ACTIVITY  t    STUDENT  ACTIVITY 

b.    Starting  and  operating  tlie 
starting  engine. 

(1)  Open  fuel  valve  on  gasoline 
tank. 

(2)  Turn  magneto  switch  to  "ON"  ^ 
position. 

*■  *  • 

>  (3)    Latch  starting  engine  throttle 

in  the  "IDLING"  position. 

4 

S:^  (4)    Crank  starting  engine. 

(a)  Pull  up  on  handle,  using 
*  top  arc  of  travel  ONLY. 

% 

(b)  DO  NOT  spin  the  crank. 

« 

(c)  DO  NOT  wrap  thumb  around 
handle. / 

NOTE:--  When  .the  engine  starts,  keep 
the  speed  low  until  the 
crapkcase  lubricating  oil  has 
a  chance  to  warm  up  and 
better .lubricate  the  engine. 
^       ,  Time  wMl  vary  according  to 

climatic  conditions.  ,  " 

NOTE:    Temperature  will  vary  the  '  . 

length  of  time  it  Is  necessary  ^  ^  ' 

to  have  the  choke  on.  Actual 
^  experience  in  starting  will 

determine  the  interval.    Push  ^  . 

^  '  ^      in  the  chokfe  control  rod  as 

5^7  soon  as  the  engine  will  run    .  '      ^  I  ^ 

with  choke  off  '  49^^ 

EBJC         •  ^  (18  of  22)     ,         ^  ^ 
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*  c.    Engaging  starting  engine  pinion 
with  diesel  engine  flywheel. 

(1)    Apply  clutch  brake. 


INSTRUCTOR  ACTIVITY 

II.E.3.C.    Direct  student 
practice  in  operating  Cater- 
pillar diesel  engines. 


CM  "A"  IG  1.'  .1 
STUDENT  ACTIVITY 

II.E.3.C.  Practice 
operation  of  Caterpillar 
diesel  engines. 


(a)    Pull  clutch  lever  to 

full^isengaged  position, 
this  keeps,  pinion  gear  from 
turning  so  that  it  may  be 
en^ged  with  the  flywheel 
of  diesel  engine  without 
clashing  teeth  on  the  gears. 

d.    Engaging  the  starting  engine  clutch. 

(1)    Release  idling  latch  on 
starting  engine  throttle. 


(2)  Engage  starting  engine  clutch  - 
engage  slowly  until  diesel 
engine  starts  to  turn  (watch 
fan  blades)  then  snap  into  full 
engagement.    Pinion  will  be 
engaged  by  the  clutch  lever. 

(3)  Lubricating  oil  pressure  and 
fuel  pressure.    With  diesel 
engine  turning  over,  observe 
lubricating  oil  pressure  and 
fuel  pressure.    In  warm  weather 
diesel  engine  may  be  started 

as  soon  as  fuel  and  lubri- 
cating oil  pressure  is  in 
"Operating  Range". 
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NOTE:    On  turbo-charged  engines, 
allow  the  starting  engine 
to  turn  the  diesel  'at  least 
3  minutes  before  starting 
the  diesel. 


e.  Starting  the  diesel  engine • 

(1)  Position  compression  lever. 

(a)  Move  lever  directly  from 
"start"  to  "run"  in  warm 
weather. 

(2)  Position  throttle:  Smartly  ' 
move  throttle  to  approximately 
one-half  position. 

(3)  When  diesel  engine  starts,  it 
will  automatically  disengage 
starting  engine  pinion  from 

,  diesel  engine  flywheel. 

f .  Securing  starting  engine. 

(1)  Close  gasoline  valve  at  tank 
and  allow  starting  engine  to 
run  until  all  fuel  In  car- 
buretor is  used. 

(2)  Turn  magneto  switch  to  "OFF" 
position.  . 

Operating  the  diesel  engine. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.1.1 
STUDENT  ACTIVITY 


(1)    Allow  the  diesel  engine  to 

idle  for  five  mlnutM  with  the 
throttle  at  half  position  to 
allow  engine  time  to  warm  up. 

(a)    Operate  the  diesel  engine 
/    at  a  moderate  speed,  never 
suddenly  accelerate  or 
decelerate. 

h.    Securing  the  diesel  engine. 

(1)  Check  diesel  engine  oil  level 
(add  if  necessary) . 

(2)  Move  throttle  lever  to  low 
idle  position  -  let  run  for 

,  five  minutes. 

(a)    To  allow  turbo-charge  to 
cool  and  slow  down. 

(3)  <Move  throttle  lever  to  "OFF" 

position. 


III.  Application. 

A.    Prestart  check,  start,  run  and  secure  Cater- 
pillar diesel  engines  while  monitoring 
instrum^ts  and  interpreting  readings.  All 
performance  to  ponform  to  manufacturer's 
recommendations  as  stated  in  job  sheet 
without  error. 


503 


III .A.    Direct,  supervise  and  . 
evaluate  student  performance  in 
conducting  prestart  checks, 
starting,  running  and  securing 
a  Caterpillar  diesel  engine 
while  monitoring  and  interpre- 
ting instruments.    All  perfor- 
mance to  conform  to  manufactur- 
er's recommendations  as  stated 
-in  Job  Sheet  CM  "A"  JS  2.1.1.1, 
^Jteintenance  of  Caterpillar 
Diesel  Engines". 


III. A.    Operate  Cater- 
pillar diesel  engines 
conforming  to  manu- 
facturer's recommendations 
as  specified  in, the 
Job  Sheet  CM  "A"  JS 
2.1.1.1,  "Maintenance 
of  Caterpillar  Diesel 
Engines". 
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OUTLINE  OF  INSTRUCTION 

IV.  Sutnraary. 

A.  History. 

B*    Principles  of  operation  of  dlesel  engines. 

C.  Fuel  Injection  system. 

D.  Advantages  and  disadvantages  of  dlesel 
engine  compared  to  gasoline  engine. 

£.    Caterpillar  dlesel  engine  operation. 

V.  Te.<5t:  None. 

VI.  Assignment: 

A.    **Operatlon  and  Maintenance  Instructions"  , 
Caterpillar  D-342  Engines,  Form  FE  31603-9, 
(review  entire  booklet) . 


'INSTRUCTOR  ACTIVITY 


VI .A.  Write  assignment  on 
chalkboard. 


'CM  "A"  IG  2.1.1 
STUliENT  ACTIVITY 


VI. A.    Copy  assignment. 
♦ 

■  r 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
PORT  HUENEME:,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINHJG  COURSE  A-610-0022 


Classification:  Unclassified 


\ 


Topic:    Caterpillar  Diesel  Engine  Maintenance 
Average  Time:    11  Periods  (Class).  13  Periods  (Pract) 
Instructional  Materials: 
A.  Texts: 

1  Operation  and  Maintenance  Instructions, 
Caterpillar  D-333  and  D-3306  Industrial 
Engines,  Form  FE045040-02,  Caterpillar 
Tractor  Co.,  Peoria,.  Illinois  (entire 
booklet) . 

2  Operation  and  Maintenance  Instructions, 
Caterpillar  C-342  Engine,  E^orm  FE31603-9, 
Caterpillar  Tractor  Co.,  Peoria,  Illinois 
(entire  booklet) . 

,3.    Get  a  Clear  Picture, of  Your  Turbocharger  and 
Form  FE035934,  Caterpillar  Tractor  Co., 
Peoria,  Illinois  61602. 

B.  References:  None.' 

C.  Tools,  Equipment. ,0«d"Matei:iaJ.^: 
■  1.  Tools. 

'    a.    Dieeel  engine  hancltools. 

b.  „Cat€r£illar^specl^l^  tools^      I.  _   


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be- able  to  operate  and  service 
Caterpillar  diesel  engines,  models  D-342  and  D-3306. 
He  will  use  appropriate  handtools,  special  tools,  and 
shop  equipment.    His  performance  will  conform  to 
manufacturer's  recommendations  as  outlined  in  the  Job 
Sheet  CM  "A"  JS  2.1.1.1,  '^Maintenance  of  Caterpillar 
Diesel  Engines"  without  error.  /  * 

Enabling  Objectives:    Upon  completion  Ji  this  tdpic 
each  student  will  be  able  to  service  Caterpillar 
diesel  engines  models  D-342  and  D-3306  using 
appropriate  handtools,  special  tools,  and  shop  , 
equipment.    Specifically  he  will  service  cranking 
systems,  fuel  systems,  and  adjustm'ent.  of  engine  valve 
systems.    All  tasks  will  meet  manufacturer  ^J^^f' 
fications  as  specified  in  job  sKeet  f?t;'A",JS  .2.1.1.1, 
"Maintenance  of  Caterpillar  Diesel  Engines  without 
deviation. 

Criterion  Test:    Service  Caterpillar  diesel  engines 
using  appropriate  handtools,  special  tools,  and  shop 
equipment.    Service  thfe'cranking  system,  fuel  system 
and  adjust  eilgine  valves.    All  performance  is  to 
meet  manufacturer's  specifications  as  specified  in 
job  sheet  without  error. 

Homework:  Read: 

'-,  ^ 

1.    Operation  and  Maintenance  Instructions,  Cater- 
pillar" D-333  and  D-3306  Industrial  Engines,  Pages 
21-58. 


ERIC 


507 


(1  of  31) 


508 


3)i- 


CM  "A"  IG  1.1.1 


\ 


c.    Diesel  engine  shop  equipment. 
2  •    Equipment : 
^*  a.    Major*  ^ 

(1)  Caterpillar  D-3306  Diesel  Engines 
(4  each) . 

(2)  Caterpillar  D-342  engines  (3  each). 
Materials  (consumable). 

a.  Cleaning  solvent. 

b. ^    Diesel  fuel^ 

c.  Diesel  engine  oil. 

d.  Wiping  rags. 

e.  Caterpillar  oil ^filters. 

f .  Caterpillar  fuel  filters. 

g.  Caterpillar  air  filters. 
TraiTjing  Aids  and  Devices: 

l^.    Film  slides: 

a.  Slidfe  series:  Caterpillar  Diesel  Engines, 
S.    Locally  Prepared  Material: 

B.    Job  Sheet. 


■Ill^l  «.      ^  ..^  -Wll-ll.  -^f^^  I 
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.    (1)    CM  "A"  JS  2.1.1.1,  ••Maintenance  of 
'    Caterpillar  Diesel  Engines". 

3.  Devices: 

a.  Cutaway  of  D-315  Caterpillar  Diesel 
Engine. 

b.  Cutaway  of  Caterpillar  Turbocharger. 
Training  Aids  Equipment: 

T..    35m  slide  projector. 


CM  "A"  IG  2,1.^ 


r 

OUTLINE  OF  IHSTRUCTION 
I.    Introduction  to  the  lesson. 
A.    Establish  contact. 

1.  Name: 

2 


Topic:  Caterpillar  Diesel  Engiae 
Malnteaance • 


B%    Establish  readiness* 
1 •    Purpose • 
2 .    Assignment . 

C.  Establish  effect. 
1*  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  mechanic 

D.  Overview: 

1.    The  fuel  injection  system  is  the 

heart  of  the  dies'el  engine;  therefore. 
It  "is  important,  that, you  understand 
its  function  and  operation*    In  this 
lesson  you  will  learn  tfae  basic  Cater- 
pillar fu^l  irij action  system,  lt;s 
basic  parts,  th^eir  function  and  oper- 
^      ,aklon,'antf  th6  lElow  X>f  f^uel  trhrcftigh 
the  system. 
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tNSTRUCTOR  ACTIVITY 


CM  ''A"  IG  2.x. 2 
STUDENT  ACTIVITY 


I. A.    Introduce  self  and  topic. 


I.B.    Motivate  student. 


I.e.  Bring  out  need  and  value 
of  material  being  presented  5^ 


I.D.    State  learning  objectives. 
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2.  Questions  from  this  lesson  will  appear 
<  in  the  end -of -unit  examination. 

3.  4  knowledge  of  fuel  systems  will  be 
valuable  to  you  in  the  Navy,  and'^s  a 
civilian  mechanic* 

A.    You  will  apply  what  you  learn  in  the 
classroom,  in  the  field  as  a  con- 
struction mechanic,  and  as  a  civilian  • 
mechanic. 

5.    Suggestions  for  thh  instructor: 

a.  This  will  be  the  first  actual  ^ 
contact  with  diesel  fuel  injWtion 

.  systems  for  many  Class  "A**  students 
therefore  each  student  should  be 
given  every  opportunity  to  see 
.    and  handle  parts  of  the  fuel 
system. ^ 

b.  Point  out  to  the  cla«s  the  function 
that  the  parts  play  in  getting  the 
fuel  to  the  engine  cylinder  at  the 

^  ri£ht  'time,  in  the  proper  quantity 

aflo  in  the  correct  condition. 

II.  Presentation. 

A.  Tjrpe  of  fuel  system. 

!•    Solid  or  mechanical, 
a.    Pump  and  nozzle. 

B.  Flow  of  fuel  and  purpose  of  units* 

515  '  (5 


INSTRUCTOR  ACTIVITY 


2/7  ■ 


I. p. 5.    Use  charts  and  trans- 
parencies to  explain  fuel 
system. 


I.D.5.    Take  notes  as 
needed  and/or  as 
directed. 


/ 
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— <Hm^INE-  OF  INSIRUmOH 
1,  Tank. 


a*    Holds  supply  of  fuel. 

2.  Primary  filter  (strainer) • 

a*    Removes  large  foreign  particles. 

b*    Washable  metallic  element  or 
cartridge. 

3.  Fuel  transfer  ,pt2mp. 

a*    Supplies  volume  of  fuel  to  fuel 
manifold • 

^  b.    Driven  by  a  gear  which  is  an 

integral  part  of  the  accessory  drive 
^  shaft* 

4.  Filters  and  filter  housing. 

a.    Removes  small  foreign  particles. 

5.  Fuel  pressure  gaxxge. 

>> 

a.    Alerts  operator  to  possible  fuel 
system  troubles. 

6.  Injection  pump  housing  and  manifold. 

a.  Housing  holds  injection  pumps  and 
operating  mechanisms. 

b.  Manifold  supplies  fuel  to  injection 
pumps  • 
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INSTRUCTOR  ACTIVITY 
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II. B. .4.    Show  filters  to  class. 

a .  Paper . 

b.  Cotton:  ' 
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OUTLINE  OF  INSTRUCTION 

7.  Injection  pumps* 

a.  Times  fuel  delivery. 

b.  Meters  fuel  delivery. 

c.  Creat*^r*pressure  required  for  fuel 
delivery. 

8.  High  j>ressure  lines.  . 

a.    Carry  fuel  to  injection  valve. 

9.  Fuel  injection  valve. 

a.  .    Injects  fuel. 

b.  Atomizes  fuel.  ^ 
10.    Precombustion  chanber.  ^ 

^ 

a.  Conditions  fuel  and  stjirts  it,  to 
burn . 

C.    Parts  and  functions. 

l(    Fuel 'tank. 

'  a.    Strainer  in  filler  hole  (clean, 
when  necessary). 

b.  Suction  line  1  from  bottom  of 
tank. 

c.  Tank  fitted  with  a^drain  cock 
^        (check  weekly) . 


INSTRUCTOR  ACTIVITY 


H.B.8.    Pass  out  tVa. 

a.  High  pressure  line. 

b.  Fuel  injection  valve. 

c.  Precombustioil  chamber. 


IKtT  ' Use )  ac t\ial  engines .  to 
sfibw  fuel  J^low-through  system. 


3^9 

CM  "A"  IG  2.1.^2 
STUDENT  ACTIVITY 


11. B. 8.    Handle  parts. 
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OUTLIKE  OF  INSTRUCTION  )  INSTRUCTOR  ACTIVITY  .       STUDENT  ACTIVITY 

Outlet  line  may  be  fitted  with 
primary  filter. 

2.  Fuel  transfer  pump* 

Jt.    Positive  displacement  gear  type.  ^ 

b.    Supplies  a  volume  of  fuel  to  ^ 
pump  housing.  ^  • 

3.  By«*pass  v^lve. 

a.    By-pass  valve  opens  at  15  to  20  PSI. 

(1)  Located  at  pump  on  tractors. 

(2)  Located  at  filter  chamber  on 
stationary  applications. 

■>*' 

^.    Filter  housing. 

a.    Houses  resin  Impregnated  cellulose     ^  .  ^, 

^  materials-  type  filter  element.  .  *         ,  ^ 

y      '  b.    Removes  small  foreign  particles. 

5»     Fuel  pressure  gauge.  ^  , 

^  a.    Three  color  range.  * 

(1)  Red  -  danger,  do  not  operate.  ^ 

(2)  White  -  warning  -  pressute  drop 
usually  due  to  partially 
clogged  filters. 

(3)  Green  -  normal  operating  range.  '  ^ 
'       ^                 *      (8  of  31) 
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INSTRUCTOR  ACTIVITY 


32/ 

CM  "V'  IG  2*'.2 
STUDENT  ACTtVifY 


b.    Registers  fuel  pressure  in 
manifold , > 

Fuel  Injection  pump  housing  parts < 

a**    Fuel  pump  camshaft. 

b.  Lifter  assembly. 

c.  Rack  assembly. 

d.  Fuel  manifold^  


7.    Fuel  injection  pump  parts*.  ^ 

a.  Pump  body, 

(1)  Boated  to  housing. 

(2)  Houses  barrel,  plunger  and 
delivery  valve. 

o 

(3)  Contains  low  pressure  fuel  ^ 
passage. 

(a)    Bleed  screw. 

b.  Barrel. 

(1)  Contains  inlet  port. 

(a)^  Aligned  with  low  pressure. 

(2)  Mated  to  plunger. 

c .  Plunger . 

523 
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CM  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


(1)  Gear  segment  secured  to  one 
end  of  plunger. 

(2)  Recess  area  is  milled  into 
one  end  of  plunger  near  the 

V  opposite  end  to  the  gear 

segment y  upper  lip  of  recess 
forms  a  helix  or  spiral  groove.  ^ 

{X)    Mill^  slot  Is  a  passage  In  the  


plunger^Ttet~Toind  ^^^^ 
the  plunger  to  the  cutaway  area, 

» 

^     '  d.    Check  vafve* 

(1)  Located  above  barrel. 

(2)  Prevents  draining  o^ high- 
pressure  lines.  / 

8.    Fuel  injection  pump  functions. 

a.    Meter K  ^ 

^  b.  Time. 

 CreaLeJhigh  fuel  pressure.  


9.. 


Inject idn  pump  operation. 

Plunger  retracted  (down). 


52; 


(1)    Fuel  enters  chamber. 

b.  Plunger  starts  upward. '| 
(1)    Aiiceleration  phase. 

c.  Port  covered  by  top  of  plunger ♦ 
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CM  "A"  IG  2.1.2 
STUDENT  ACTIVITY  ' 

(1)    Injection  Deguis  vaetetwiuco 
timing) • 

(2)    Pumping  phase,  , 

(a)    Creates  high  pressure. 

(3)    Constant  beginning  of  Injection. 

d. 

Port  uncovered  by  helix. 

t 

-V 

/ 
*> 

• 

tlf  Pg^^g,*^  above-ptung^-^^e^aved  -_  

through  milled  slot,  metering 
recess,  and  back  through  inlet 
port, 

(a)    Injection  ends. 

(2)  Over travel  phase-plunger  still 
moves  upward. 

(3)  Gives  injection  variable  ending. 
No  £uel  position. 

-J 

(1)    Milled  slot  aligned  with  inlet 

rxmrt" 
pui>  u  • 

* 

.                   ...     ^  . 

Metering. 

/'iN    o/i*-*! •"Ion       d1  uncrer  varies 

time  that  helix  uncovers  port. 

V 

• 

* 

(a)    The  later  the  helix  is 
uncovered,  the  more  fuel 
is  injected. 

ERLC 
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CM  "A"  IG  2.1.2 
STUDENT  ACTIVITY 

Check  valve. 

—  - 

(1)    Opened  by  fuel  pressure. 

• 

(2)    Closed  by  spring  and  fuel 
pressured. 

10*    High  pressure  lines. 

a.     MAHfk  of  Atettl^ 

b.    All  the  same  length  and  thickness. 

11.    Fuel  injection  valves. 

I 

a.    Capsule  type. 

s 

(1)  Identification. 

(a)    Orifice  size  anA  part 

number  stajnpea  on  capsuxe 
body. 

(2)    Component  parts. 

(a)  Body. 

(b)    Nozzle  assembly.  / 

1;    Filter  screen. 

2^  SprAig. 

3.    Injection  valve  and  ^ 

seat.  ' 

/ 

%  i 

*                              4.    Spray  tip. 

529    ,               '  • 
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OUTLINE  OF  tMSTRUCTION 

(3)  Operation. 


INSTRUCTOR  ACTIVITY 


Jar-  ^ 

CM  "A"  IG  2.x. 2 
STUDENT  ACTIVITY 


(a)  Check  valve  opened  by  

fuel  pressure* 

(b)  Closed  by  spring  and 
combustion  pressure* 

(c)  Opens  downward  and  closes 
upward. 


(d)  PSi  atmospheric 

test  opening  pressure. 

Precombustion  chamber. 

a.    Concentrates  and  increases 
turbulence  of  compressed  air 
adjacent  to  injection  valve  fuel 
discharge  hole. 

(1)  Increases  atomization  of  fuel. 

(2)  Can  also  contain  glow  plug 
for  cold  weather  starting. 

(a)    Used  S«4th  direct  electric 
 — stai 


II.C.12.    Use  cutaway  engine 
to  explain,  function  and 
location  of  essential  parts* 


13.    Injection  vaj^ve  t'^jat-demonstration. 
a.    Opening  pressure  test, 
''b.    Spray  pattern  test, 
c.    Valve  leakage^est. 


ERIC 
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QUTLIME  OF  IMSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


NOTE:    Item  13  is  done  by  the  instructor  to 
^  satisfy  the  students  curiosity.^  This 

demonstration  is  not  intended  to 
teach  the  student  testing  and  adjust- 
ing of  the  Caterpillar  nozzle. 

D.    Haintenance  of  the  fuel  system. 

1.    Diesel  fuel  tank* 


53^ 


a.  Fueling. 

b.  Cleaning  fuel  strainer. 

c.  Cleaning  filler  cap  breather  element. 

d.  Removing  sediment  and  water  from 
tank. 

2.  Primary  filter. 

a.  Cleaning. 

3.  Fuel  filters  and  fuel  filter  housing, 
a*.    Replacing  filter  elements. 

b.  Cleaning  filter  housing. 

4.  ^Removing  and  replacing  injection  pumps, 

5.  Locating  a  misfiring  cylinder. 

6.  Replacing  injection  valve.  . 
1.    Priming  (bleeding  the  fuel  system. 


O  •  (14  of  31) 
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CM  ''A"  IG  2a. 2 
STUDENT  ACTIVITY 


a«    Engine  must  be  turning  through 
use  of  starting  engine. 

*  b.    Bleed  fuel  filter  housing, 

c.    Bleed  all  injection  piimps  together. 

Caterpillar  scavenging  system* 

r.    Type  of  scavenging  system.   ^  , 
a .    Valve . 

2.    Flow  of  air,  parts  and  functions. 

a.  Pre-cleaner. 

(1)    Removes  major  portioii  of 
foreign  matter. 

b.  Air  cleaner. 

(1)    Removes  remaining  foreign 
matter. 

(a)  Oil-bath  type. 

1.    Uses  engine  oil  and 
wire  element. 

(b)  Dry^ype.  ' 

1.  Replaceable  paper  « 
element .  % 

2.  Said  to  be  more  efficient 
thin  oil  bath. 

3.  '  Uded  on  newest  engines* 

•     ^  J  ^  (15  of  31) 


lI.E.l.  Use  transparencies: 

a.  Valve  trains. 

b.  Pre-cleaner. 

c.  Air  cleaner. 

d.  Turbocharger. 


5-36 
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c»    Turbocharger  and  Intake  manifold, 

(1)  Incoming  air  enters  the 

•  center  of  the  turbocharger 
Impeller  where  it  is  com- 
pressed and  forced  Into  the 
manifold • 

(2)  Air  preheated  in  this 
oianif  old  • 

(a)  Through  use  ot  starting 
engine  exhaust  heat, 

(b)  .  Starting  engine  exhaust 

manifold  mounted  inside 
:^   diesel  engine  intake 
manifold . 

(c)  The  D-3306  utilizes  glow 
plugs • 

d*    Valves  and  valve  mechanism, 

(1)  Crankshaft, 

^  (a)    Source  of  power, 

(2)  Camshaft  gear, 

(a)    Provides  rotary  motion 
to  camshaft, 

(3)  Camshaft, 

(a)    Equipped  with  one  cam 
lobe  for  each  valve. 


INSTRUCTOR  ACTIVITY 

II.E,2,c.  Show  turbocharger 
cutaway. 


CM  "A"  IG  2.,  .2 
STUDENT  ACTIVITY 

II.E.2.C.  Students 
view  cutaway  in  groups 
of  4  to  see  demonstration. 
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OUTLINE  OF  IMST8UCTI0N 


(4)  Valve  lifter* 

(a)    Changes  rotary  motion  of 
camshaft  to  reciprocating 
motion* 

(5)  Compression  release  mechanism 

(a)  A  mjechanical  device  used  ^ 
to  hold  either,  the  iPitake" 
or  the  exhaust  valves  open 
to  facilitate  easier  turh- 

^  ing  of  the  engine  for 
^         starting  purposes* 

(b)  5  3/4"  bore  6-cylinder 
engine^  open  the  Intake 
valve* 

(c)  Opened  by  pushrod  and  cam 
arrangement  acting  on  the 
valve  rocker  arm* 

(d)  Must  be  adjusted  to  *025 
to  *030"  ^ch  time  valved 
are  adjusted.  (NOTE: 
Always  adjust  AFTER  valves 
are  adjusted  NEVER  BEFORE), 

(e)  Compression  release  lever* 

(f)  Two  positions  of  the  com- 
pression release  lever: 
(5  3/4"  bore) . 

1*    Start  -  all  intake 
valves  held  off  their 
seats* 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2*1.2 
STUDENT  ACTIVITY 
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^miTLIHE  OF  msntPCTIOH  INSTRUCTOR  ACTIVITY      *  STUDENT  ACTIVITY 

2.    Run  -  no  valves  held 
open. 

(6)    Rocker-arm  assembly. 

(a)    One  shaft  and  six  arms  for 
each  head. 

.(7)    Sleeve.  ^  ' 

(a)    Receives  side  thrust  of 
the  rocker  arm. 

(8)  Valve  springs  retain^^  and 
locks.  ^ 

(a)  Springs* 

1,    Two  for  each  valve  - 
Inner  and  outer. 

(b)  Retains  and  locks. 

1.    Hold  .the  springs 
compressed  around 
valve  stem. 

(9)  Valve  rotators. 

(a)  Rotate  valve  approximately 
3°  each  tdme  it  is  opened. 

(b)  Component  parts. 

1.  Seating  collar. 

2. ^   Spring  washer.  (j^ 
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3^  Rctminer  body. 

-  Five  steel  balls  on  an 

inclined  surface.  ^ 

(c)    Not  employed  on  older 
engines. 

(10)  Valve  guides. 

(a)    Guides  valve  through 

cylinder  head.  ^ 

0>y   May  be  pressed  out  of  head 
and  replaced. 

(11)  Valve  seats. 

(a)    Driven  into  cylinder  head.  , 
^  (b)    May  be  replaced. 

(12)  Valves. 

(a)  One  intake  and  one  pxhaust 
valve  per  cylinder.  ^ 

(b)  Located  in  cylinder  head. 

(c)  45  degree  face. 

e.    Exhaust  manifold  and  turbine  housing 
of  turbocharger. 

(1)    Manifold  bolted  to  cylinder  h^ad. 


,  ^     .  ■  (19  of  31) 
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CM  "A"  IG  2.  .2 
STUDENT  ACTIVITY 
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(2)  Directs  exhaust  gases  £rom 
exhaust  ports  to  stack  or  to 
turbocharger. 

(3)  The  exhaust  gases  passing 
over  the  turbine  wheel  forces 
the  turbine  wheel  to  turn 
which  in  turn  turns  the 
Ispeller • 

f.    Exhaust  stack. 

(1)  Leads  exhaust  gases  to  atmos- 
phei;^. 

(2)  Fitted  with  a  rain  cap. 
F.    Cooling  and  lubricating  systems. 

1.    Flow  of  coolant,  components  and ^ functions < 

a.  Radiator  lower  tank. 

b.  Water  tank. .  ^ 

c.  Cylinder  block  -  coolant  passes 
through  water  jackets  extending  . 
alnost  full  length  of  cylinder 
liners . 

d.  Portion  of  coolant  passes  Into 
starting  engine  cylinder  block. 

(1)  Starting  engine  cylinder  head, 

(2)  Returned  to  dlesel  engine 
cylinder  head. 

e.  From  dlesel  cylinder  block  water 
passes  through  water  directors. 
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£•    Diesel  engine  cylinder  heads ^- 
coolant  Is  directed  into  contact 
with  valve  parts  and  precombustion 
chambers* 

g.    Water  mainfold  (external) • 

h*    Water  temperature  regulators 
(closed) . 

(1)  Water  temperature  regulators 
remain  closed  until  engine 
reaches  operating  temperature. 

<» 

(2)  When  regulators  ar6  closed* 
coolant  flows  through  bypas^ 
water  tt^b'e  to  the  inlet  side 
of  water  pump, 

i.    Water  temperature  regulators 
(open) . 

«&  ' 

(1)  Engine  coolant  at  operating 
temperature. 

(2)  Coolant  passes  through  water 
line. 

Radiator  upper  tank. 

(1)    Sealed  pressure  overflow. 

(a)  Located  in  expansion 
tank  of  radiator. 

(b)  Maintains  pressure  in 
cooling  system  of  approx- 
imately 6  PSI* 


II.F.l.h.    Pass  thermostat 
^ among  students  for  better 
und  er  s  t and  ing . 


XI.F.l.h.  Examine 
thermostat  and  pass  on 
t<»  other  class  members. 


/ 


II.F.l.j.    Take  class  to  shop  - 
point  out  cooling  ^ind  lubri- 
cating systems  service  points. 
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(c) 

^         '  (d) 


INSTRUCTOR  ACTIVITY 


Prevents  overflow  on 
Incline  operation. 

Raises  coolant  boiling 
point  3  1/4  degrees  F. 
for  each  pound  of  pressure. 


543 


(2)  Testing  the  vater  temperature 
regulator. 

*       (a)    Reaove  regulator  from 
housing. 

(b)  Suspend  the  regulator  by 
a  string  or  piece  of  wire 
in  a  pan  of  water  with  a 
thermometer. 

(c)  Heat  the  pan  of  water, 
stirifing  the  water  to  main- 
tain uniformity. 

(d)  Observe  opening  temperature 
of  r^egulatpr.    Thff  opening 

betwcJen  160  degrees  and  170 
degrees  F.    Regulator  sIKould 
be  fully  opened  at  183 
degrees  F. 

(e)  If  .defective ,  replace . 

(3)  Cleaning  thermostat. 

(a)    Accumulations,  of  rust  and 
scale  may  restrict  the 
action  of  the  regulator. 
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.  '  (b)    Regul^ator  m^y  be  disas- 

sembled for  cleaning. 

Radiator  core. 

1.    Radiator  fan. 

m.    Radiator  fan  bracket, 

n.    Fan  belts.  . 

2.    Functions  and  characteristics  of  the 
lubricating  system. 

a.    Oil  pan  (sump). 

(1)  Mounted  on  the  bottom  of  the 
cylinder  block. 

(2)  Made  of  cast  iron. 

(3)  Inspection  plates  incorporated 
on  sides  of  oil  pan  for  inspec- 
tion, '^repair  and  cleaning  of  the 
oil  pump,  main  suction  bell  and 
pressure  relief  valye. 

(4)  iThe  oil  pumps  are  mounted  in 
,the  pan  and  are  driven  by, the 

^  w  .  ^  l^rankshaft 'gear . 

/■  ^  - 

h.    Suctio^l  bell.  .  ^ 

(1)    Floating  screen, 
c.    Oil  pump^ 
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(1)  Controlled  inlet-type  oil 

(2)  Gear  type,  positive  displacement. 

(3)  Tractor  engines  use  a  triple 

i\  oil  pump  saae  as  earlier  models, 

with  exception  of  inlet  valve 
and  the'  pressure  relief  valve* 


(a)    The  inlet  valve. 

1>    An  oil  passage  from 

the  oil  manifold  re""  \ 
turns  oil  to  a  spring- 
loaded  piston*  which 

y      acts  as  a  valve. 

2>    As  the  oil  pressure 

on  the  piston  increases, 
the  piston  is  moved 
over  the  inlet  to  the 
pump,  reducing  the 
aiftount  of  oil  entering 
the  pump  and  in  this 
way  preventing  a  further 
rise  of  pressure. 

(A)  ! Pressure  relief  valve.  \ 

'     1    *  *  ^ 

(a)    Spring '  loaded  l)all\typfe ;  ' '  '^'^r— 


(b)    Located  on  discharge  side 
of  pump  to  prevent  exces- 
sive pressure  when  oil  is 
^  cold  or  restricted. 

T  r  '  '  « 
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TM<;TllIirTOR  ACTIVITY                      STUDENT  ACTIVITY 
n^}nm       tKSTRUCTION  TNSTRUCTOR  AOIIVlii   ,  

*^  (c)    This  valve  is  set  to  open 

'  at'  90  PSI  and  is  non-adjust- 

able. 

d.  Vertical  passage  in  block.  II.F.2.d.    Use  actual  engine 

^  to  show  and  tell.-  } 

e.  Oil  filter  base. 

(1)    Oil  cooler  by-pass  valve. 

f .  Oil  cooler. 

/  .  -  . 

(1)    Water  cooled  type  (heat 
exchanger) .  ^ 

g.  Oil  filter  base. 
(1)    Oil  filter  by-pass  v^lve.  ,  ^ 

^  h.    Oil  filters. 

(1)    Full-flow  type. 


(a)    All  oil  is  forced  through 
a  replaceable  element 
before  going  to  engine 
parts.  ^ 

(2)  ""oil  filter  by-pass  valve. 

(a)  Valve  located  in  filter 
housing  oil  manifold. 

(b)  '  Opens  to  by-pass  oil  directly 

to  engine  parts  if  filter 
element  should  become  clogged. 
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CM  "A"  IG  2*:.2 

OtTTLINE  OP  IHSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVIT? 

(c)    Ball  check  and  spring  type» 
1*    Oil  manifold  (main  oil  gallery). 

(1)  Crankshaft  and  main  hearings.  .        ^  \ 

(a)  ^Connecting  rod  bearings. 

(b)  Piston  pins  and  bushings.  . 

(c)  Spray  to  underside  of  . 

piston  crown.  ' 

(2)  Tube  from  gallery  lubricates 

rocker  assemblies.  ^ 

(a)  Valve  stem  bushings  and 
•  push  rods.  ^ 

(b)  Valve  lifters  and  cam 
lobes. 

(c)  Camshaft  and  bearings. 
Oil  pressure  gauge. 

(1)  When  the  engine  is  warm  and  .  :  ,  , 
-running  at  rated  engine  speed,,  <  i 
the  gauge  should  register  in                                      .     %  - 

the  "operating  range"  (Green) . " 

(2)  Lower  pressure  reading  is 
normal  at  low  idling  speeds. 
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OUTLINE  OF  INSTKUCTIOM 

(3)    If,  for  any.reaaon,  gauge 
ceases  to  register,  the 
engine  should  be  stopped 
\  Imnediately  until  difficulty 

is  determined  and  corrected. 

i 

k.    Cylinder  vails  and  pistons. 
1*    Oil  pump  drive. 

(1)    From  engine  gear  train. 
G.    Maintenance  of  Caterpillar  dlesel  engine. 
1.    Starting  engine  maintenance, 
a.    Ignition  system. 


(1)  Adjust  magneto  points. 

(2)  Timing  magneto  engine. 

(3)  Clean,  adjust  and  test  spark 
plugs . 


*(1)    Clean  sedlinent  bowl  and 
filter  screen.  . 

(2)    Clean  fuel  line  filter. 

Carburetor  adjustments. 

(1)  Idle  speed. 

(2)  Idle  mixture. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


II. F. 2.1.    Have  students  refer    II. F. 2.1.    Refer  to  text 
to  appropriate  section  of  as  directed  by  instructor 

Caterpillar  Operation  and 
Maintenance  Instructions  Manual. 


(27  of  31) 


5G0 


QDTLIME  OF  DISTRUCTION 

(3)    High  speed  itlxture. 

d.  Adjust  valves. 

e.  Clean  air  cleaner. 
f«    Clean  crankcase  breather, 
g.    Change  engine  oil. 


5^1 


h.  Checking  and  changing  transmission 
oU. 

i.  Adjustment,  of  clutch. 

^     J.    Check  pinion  throw-out  speed. 

k.    Check  for  water,  oil  and  gasoline 
leaks . 

2.  Scavenging  system' maintenance. 

a.  "  Clean  pre-cleaner. 

b.  Clean  air  cleaner. 

..c.    Adjust  valves  (diesel  engine). 

d.  Adjust  compression  release  push 
rods. 

e.  Check  exhaust  stack  rain  cover. 

3.  Cooling  system  malhtenance. 
a.    Adjust  fan  belts. 


INSTRUCTOR  ACTIVITY 


r 


II.G.l.k..    Demonstrate  valve 
adjustments  on. starting 
engine  and  diesel  engine 
uslhg  engines  In  shop. 


ERIC 
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CM  "A"  2.^.2 
STUDENT  ACTIVITY 


II.G.l.k.  Follow 
demonstratipn  refering 
to  Job  sheet. 


,562 


QUTLIHE  QF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


b.  Grease  fan  bearing" hub  and  pump 
dr  ive^^sTiaf  t  bear  lifg . 

c.  Grease  front  engine  support 
bearing.  ^ 

d.  Clean  dirt  and  debris  from 
r  ad  ia  1 0^^  ins  • 


e.    Water  leaks  I 

4.  Lubricating  system  maintenance. 
^       a.  Craqkcase. 

'(1)    oil  changfe  procedure. 
(2)    Filter  change  procedure. 
.   ^     (3)    Crankcase  breather,  cleaning. 
(A)    Checking  for  oil  leaks. 

5.  Hour  meter. 

a.  ^i^portance.  to  maintenance  program, 

\i.    Location  and  interpretation  of 
*  readings.  ' 

Fuel  system  maintenance. 

a.    Tank.  *  . 

(1)  Draining  of  sedlinent./ 

(2)  Cleaning  filler  strainer. 
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CM  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


II. G.  6.  Direct^«lyidei)t 
practice  Iji , servicing  Cater- 
pillar'dieael  engines. 


II. G. 6.    Practice  i 
^servicing  Caterpillar 
diesel  engines'^under 
direction  of  instructor 


ERIC 
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INSTRUCTOR  ACTIVltY 


CM  "A"  IG  2.1.2 
STUDENT  ACTIVITY 


^  •JL^.'        ^    4.  _ 


(3)    Cleaning  filler. cap  elements, 
b.    Fuel  filter  housing, 

(1)  Fuel  gauge,  use  in  determining 
filter  conditions. 

(2)  Fuel  filters »  changing. 

(3)  'Draining  and  washiiig  of  filter \ 

housing.  ' ' 

Priming'  fuel  system. 
7.    General' checks  and  service. 

a.  Loose  nuts  and  bolts. 

b.  Air  leaks. 

c.  .Fuel  leaks. 

d.  Oil  all  linkage.  , 


III .    Application . 

'a.    Service  Caterpillar  diesel  engines  using 
lappropriate  hand tools,  special  tools  and 
*shop  equipment.^    Service  the  cranking 
^         system^  fuel  system  and  adjust  engine 

valves.    All  perfdifmance  will    meet  manu- 
facturer's specifications  as  specified 
in  Job  sheef  without  error. 


56n 


III  .A*.    Direct,  supervise  and 
evaluate  student  performance 
in  servicing  the  Caterpillar 
diesel  engine  in  compliance 
with  manufacturer's  specific- 
ations as  specified  in  job 
sheet  CM  "A"  JS  2.1.1.1, 
'^Maintenance  of  Caterpillar 
Diesel  Engines". 


III.^.    Service  Cater- 
pillar diesel  engine 
while  meeting  manufacturer' 
specifications  as  specified 
in  job  sheet  CM  "A"  JS 
2.1.1^1  without "error. 
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OUTLINE  OP  mSTRUCTION  ^ 
ly*  .^^umaary. 

^  A.    Type  of  fuel  system. 

Flow  of  fuel  and  purpose  of  units. 
C.    Parts  and  functions* 
^    D.    Malnrexunce  of  the  fuel  system. 
E.    Caterpillar  scavenging  system* 
;  Cooling  and  lubricating  systems^* 


G.^* Maintenance  of  Caterpillar  diesel  engine, 
V,  Test; 

,     >V    End  of  unit  written  test. 


INSTRUCTOR  ACTIVITY 


CM  v"A"  IG  2,1.2 
STUDENT  ACTIVITY 


) 


o 

ERIC 


,67 


568 


(31  of  31) 


CM  "A"  IG  2.2.1 


NAVAL  CONSTRUCTION  TRAINING  CSITER 
PORT  HUENEME ,  *  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A*'  SCHOOL  TRAINING  COtlRSE  A-610-0(J22 


Classification;  Unclassified 
Topic;    International  Diesel  Engine  Operation 
Average  Tltoe:    2  Periods  (Class),  2  P^iods  (PractJ 
Instructional  Materials: 

A.  Te^tfi^-. 

1.  Service  Manual  International  A29  Series 
Diesel  Engine  ^  Fortn  ISS1503D  (portion  of 
complete  manual) • 

2.  Service  Manual  IHC  Roosa-Master  Fuel 
Injection  Pump. 

B.  References:  None. 

C*    Tools,  Equipment  and  Materials; 

1.  Tools. 

a.  Mechanics  handtools. 

b.  International  special  tools. 

c.  Diesel  engine  shop  equipment. 

2.  Equipment: 
a.  Major. 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be.-able  to  operate  and  service 

International  dlesel  engine  model  429-  while- working  

as  a  member  of  a  two  (2)  man  team.    He  will  use  all 
appropriate  handtools,  special  tools,  and  shop  equipment. 
These  tasks  will  consist  of  engine  operation  followed 
by  service  to  the  fuel  system,  cooling  system  and 
lubricating  system.    All  performance  will  comply, 
without  deviation,  to  manufacturer's  recommendations 
as  specified  in  the  jojj  sheet  CM  "^"-JS  ,2.2.1.1, 
"Maintenance  of  International  Diesel  Engine". 

Enabling  Objectives:    Upon  completion  of  thi5  topic 
each  student  will  be  able  to  prestart  check,  start, 
operate  and  secure  International  diesel  engine  model 
429  while  working  as  a  member  of  a  two  (2)  man  team. 
Additionally,  he  will  monitor  instruments  and  int^ret 
readings.    All  performance  will  conform  without  ^ror  • 
to  manufacturer's  recommendations  as  specified  in  the 
job  sheet  CM  "A"  JS  2.2.1.1,  "Maintenance  of  International 
.  Diesel  Engines". 

Criterion  Test:    Prestart  check,  sta^t,  operate  and' secure 
International  diesel  engines  while  monitoring  instru- 
ments and  interpreting  readings'.    All  performance' will 
conform,  without  error,  to  manufacturer's  recommendations 
as  specified  in  the  job  sheet  CM  "A"  JS  2.2.1.1, 
"Maintenance  of  International  Diesel  Engines". 
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(1)  ^  internatiooal  Model  UDT  429 
Diesel  Engine  (4  each). 

3.    Materials  (consumable). 

a.    Cleaning  solvent. 

'   b.    Diesel- fuel.,  ^ 

c.  Diesel  engine  oil. 

d.  Wiping  rags. 

.^^^painlng  Aids  and  Devices:  , 

1.  Film  slides. 

a.    Jlide  series >  Roose^aster  Fuel 
Injection  System. 

2.  Locally  Prepared  Material: 

a.  Job  sheet. 

(1)    CM  "A"  JS  2.2.1.1r  •'Maintenance  of  . 
International. UDJ  *429  Diesel  Engines". 

b.  Programmed  Instruction. 

(1)    Roo«a-Master  Fuel  Injection  System. 

% 

3.  Devices. 

a.    Roosa-Master  Fuel  Injection  Pump  (cutaway) . 
Training  Aids  Equipment:  ^ 
1.    35m  slide  projector. 

(2  of  31) 


Homework:  Read: 

1.    Service  Manual  International  429  series  Diesel 
Engine,  Form  ISS1503D  (read  entire  operations 
section) .  * 
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OUTLINE  OF  INSTRUCTION 
I,    Introduction  to  the  lesson. 
A.    Establish  contact. 
1.  Name: 


ERIC 


2.    Topic;    International  Diesel  Engine 
Operation. 


B.    Establish  readiness. 

1.  Purpose. 

2.  Assignment.      •  * 
q.    Establish  effect. 

1 .    Value . 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Mechanic. 


Overview: 


INSTRUCTOR  ACTIVITY 


I, A.    Introduce  self  and  topic, 


•  CM  "A"  IG  2  M 
STUDENT  ACTIVITY 


I.B.    Motivate  stuaent. 


I.e.  Bring  out  need  and  value 
of  material  being  presented. 


The  new  429  International  diesel  engine 
differs  from  the  old  'td-9,  TD-14,  TD-18 
and  TD-24  engines  in  that  the  429  starts 
directly  on  diesel  and  does  not  have 
-to  be  starte^  on  gasolii\.e. 


J 
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OUTLINE  OF  IHSTRmCTIQN 

,2.,   InXhls  lesson  you  wiliJLearn  the  proper 
method  of  mailing  the  pre-start  checks-, 
how  to  start  the  International  engines, 
and  how  to  properly  secure  them.    If  this 
procedure  is  not  followed,  serious 
damage  to  the  engine  can  result. 

3.    Y'ou  will       taught  these  steps  iiTthe 

 ~~  — ciassroom,  and"yoii-w±tlr~b^  gTOTed~on~~  

how  you  apply  this  knowledge  in 
actually  starting,  running  and  securing 
these  engines  in  the  shop. 


IMSTRUCTOR  ACTIVITY 


CM  ''A" 
STUDENT 


IG  2  ..1  ^ 
ACTIVITY  . 


4..    Suggestions  for  the  instructor: 

a.    Stress  importance  of  proper 
operation  of  International 
dlesels*    Point  out  that  many  of 
the  failures  that  occur  to  these 
engines  are  due  to  Improper  starting 
--^       and  securing  procedures. 


II.  Presentation. 


A- 
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Description  of  International  diesel 
engines . 

1.  Four7Stroke  cycle. 

2.  Cylinder  block  arrangements. 

a.  In-line.      •  ^ 

b.  Six  cylinder. 

3..^  Engine  classification. 


I.D.4.    State  lesson  objective. 


II.  'Pass  out  books  and  neces- 
sary literature. 


'II.A.*3.    Allow  studfents  to 
look  through  books  to  satisfy 
curiosity. 


II. A. 3. 
received . 


Review  books 
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a.    Designated  by  tractor  or  utility 
*  application. 

(D    Tractot  TD-20. 

(2)    Utility  UDT-A29. 
Cott-ponents  and  functions  for  starting. 
1.    Eng^e  t)irottl^e  control  knob. 
'    a.    Controls  speea^f  engipe* 


INSTRUCTOR  ACTIVITY 


II. B.    Take  students  to  shop 
and  demonstrate  prestart, 
» start,  run  and  secure 
procedures. 


(1),   Maintains  a  uniform  engine 

speed  under  variable  loads.  ^ 

Z.  Tachourmetre. 

a.  Upper  half  of  indicator  i>shows 
the  engine  RPM. 

b.  Lbwer  half  of  indicator  shows 

the  indicated  hours  of  engine  ^ 
operation. 

3.     Heat  indicator  (same  as  automotive* 
application) . 

^.    Ammeter  (same  as  automotive "application) 

5.  Engine  oil  pressute  indicator  (same  as-  , 
automotive  application). 

6.  Ignition  and  starter  switch.      I  ^ 


2L.    Four  positions. 


V 
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CM  "A"  IG  2.2.1 
STDDENT  ACTIVITY 


II .B .    Observe'  operating 
procedures  and  take 
notes. 


578 
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■     .     -         .    '      ;  .  '  ^  .    1.    '  CM  "A"  IG  2.2-.1 

.  "    ^N^JVRiirTOR  ACTIVITY  STUDENT  ACTIVITY 

nim.TNE  OF  INSTRUCTION  .  INSTRUCTOR  ACTIVITY.  _  . 

'(1)     "OFF".  ' 

(2)  "ST"  (Start).     .  '  , 

^  .* 

(3)  Two  "ON"  positions. 

*"  '  « 

(a)    Switch  all  tfce  way  to  the  ^  • 

left  "ON"  position  provides  ^ 
electrical  power  to  .operate  • 
auxiliary  electrical  equip- 
^           .         ment  while  the  engine  is       ^  ,     .  ' 

stopped  .t-  —- ^  


Prestart  dheck,  starting,  operating  and 
securing  IHC  429  engine. 

1.    Prestart  checks. 

a.    Engine  lubricant. 

fl)    Bayp^et  gauge  marked,  on  both 
sides*  <r 

(a)  Engine  running. 

(b)  j  Engine  stopped.  . 

(2)    Checking  crankcase  oil  level. 

(a)    Engine  stopped  -  wait  for 
'oil  to  drain  into  crank- 
^  case  pan  before  checking. 


(b)    Enginte  runniag,^-  loosen  oil,  ^ 
filler  cap  to  vent  crankcase 

and  provide  balanced  pre^ure  -KO^x 
and  operate  engine  at  low*  idle..  UOU 
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OOTLIKE  OF  IN^STRUCTION 
b.  Coolant. 


INSTRUCTOR  ACTIVITY 


ERIC 


\ 


(1)    One  Inqh  above  ba^ffle. 

c.  Diesel  fuel. 

d.  Flush  water  trap. 

(1)  Remove  drain  valve  in  the  water 
trap  top. 

(2)  Reinstall  drain  valve  when  all 
water  and  sediment  has  been 

^  flushed  from  the  water  trap. 

NOTE*:  Do  not  close  the  fuel  shut- 
off  valve  or  operi  any  vents 
when  flushing  the  water  trap. 

e.    Check  moving  parts  for  obstructions. 

(1)  Tools.  - 

(2)  Rags. 

(3)  Parts. 

,    (4)    Personnel.  ' 

(5)    .Bar  engine  through  at  least  ^two 
(2)  turns. 

(a)    OBSERVE  SAFETY  i?RECAUTIONS . 

2.  Starting. 

a.    Throttle  control. 
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STUDENT  ACTIVITY 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY'  STUDENT  ACTIVITY 

(1)    Depress  button  in  center  of 
engine  throttle  control  knob. 

^  (2)    Pull  knob  all  the  way  out.  . 

(3)"'  Push  knob  back  in  until  it  is 
about  one  quarter  way  out. 

b.  Starting  switch. 

'      (1)    Turn,  starting  switch  all  the  ,  * 

*     ^ ,  way  to  the  right  to  the,  ''ST"  '  ^  > 

pos,ition. 

NOTE:    Crank  engine  for  30  seconds  •  . 

at  a  time.    Allow  the  cranking 
motor  to  cool  two  or  three 
minutes  before  cranking^ again. 

c.  Engine  does  not  start  or  runs 
roughly . 

(1)    Vent  fuel  system. 

(a)  Open  vent  valve,  located  on 

top  of  each  fuel  filter.  '  .  ^  / 

(b)  Turn  the  ignition  and 

starter  switch  to  the-  "ON'*  ^  ^  ^ 

position. 

(c)  Close 'first  vent  valve 

when  clear  fuel -flows  through 
it.  ' 

'    \     ^  . 

(d)  *  Close  the  remaining  vent 

valves  as  soon  as  clear 
fuel  appears.  '    ^  * 
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  \    *  CM  "A"  IG  2.2.1 

OipiNE  OF  INSTRUCTION  INSTRUCTOR-:SCTtVITY_  _  -  STUDENT  ACTIVITY 

(e)    Start  engine.  ~   

NOTE:    Allow  the  engine  to  run 
at  800  to  ^1200  RPM  for 
5  to  10  minutes  to  allow 
thorough  distribution 
of  the  lubricating  oil* 
The  engfine  must  not  be 
placed  under  1-oad  until 
normal  oil  pressure  is 
reached • 

3.  Operating  procedure.  > 

a.  Adjust  throttle  control  knob. 
^  (1)    Meet  load  requirements. 

b.  Check  instruments.  ^ 
(1)    Proper  readings. 

4.  Securing  procedure •  '  ,      '  . 

a.  Operate  engine  at  half  throttle  (no  .  .  ^  - 
load)  for  three  (3)  to  five  (5) 

minutes.  ,  * 

(1)    Aids  in  cooling  the  engine  and 
^  turbocharger  before  final  shut- 

down . 

NOTE;    Serious  damage  can  result  to  ^ 
the  engine  and  turbocharger^  ' 
if  the  above  step  is  neglected. 

b.  Throttle  control.  •  586  ' 

t 
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(1)    Push  control  knob  all  the  way 
in.         '  - 

c.    Ignition  and  starter  switch. 

f 

(1)    Turn  switch  to  the  "OFF"  . 
position*  * 

D.    Practical  exercises  In  pre-start  checking,       II. D*    Direct  student  practice 
starting,  operating  and  securing  the  engine,    in  operation  of  Internationa 

*  al  UDT  429  Diesel  Engine. 


E.    Roosa-Master  Fuel  Injection  Pump. 

!•  Type. 

^a.    Roosa-Master . 

b.    "DC"  pump  double  cylinder,  opposed 
plunger  inlet  metering,  distributor 
type. 

2.    Fump  model  numbjer  'system  (sample 

model  No.  PBGVCC429.-4C)  .  ^' 

a.  "D"  -  basic  model  number. 

b.  "B"  -  modification  of  "D"  pump 
.  (second  modification) . 


5^; 


II. E.    Hand  out  programmed 
instruction,  Roosa-Master 
Fuel  Injection  System. 


) 


c. 


"G"  -  type  governor  flyweight 
(mechanical) . 


d.    "V"  -  method  of  mounting  -  vertical. 

(1)    "F"  would  indicate  flange  mounting. 

/■ 
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STUDENT  ACTIVITY 


II. D.    Practice  oj)er^ 
ation  of  International 
429  Diesel  Engine. 

II. E.    Students  follow 
instructor  with  pro- 
grammed instruction. 
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INSTRUCTOR  ACTIVITY 
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Cri  "A"  IG  2.1.1 
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e.  "CC"  -  pump  rotation  -  counter 
clockwise. 

f ,  "4"  -  number  of  cylinder 8> 

.g^    M2^»«  ^  plunger  diameter  in  inches  - 
.290. 

h/   "4C"  -  Application  number. 


3.  Application. 


II.E.2.lf7  *Pl2^e  serial  number 
on  C/B  and  explain  interpre- 
tation* '      *  V. 


II. E. 3.    Use  slide  series  to 
show  and  explain  operation 
of  Roose-Master  Fuel  System. 


Although  this  fuel  pump  is  a  - 
fairly  recent  addition  to  the 
fuel  injection  field,  it  is  find- 
dng  increasing  application  on  a 
great  many  of  the  smaller  high 
speed  diesel  engines.    It  has 
even  replaced  International 
Harvester's  own  fuel  pump  otC^ 
all  their  new  engine^*- 


Some  of  the  reasons  for  this  pumps 
outstanding  rise  in  popularity, 
are  its  fifmall  size  and  weight, 
relative  inexpensiveness,  simplicity 
of  operation  and  repair,  and  its 
efficient  operation  at  high  speeds. 1 


Utilize  cutaway 
fuel  pjomp  to  ^ 
reinforce  instruction,* 


^]:LE.3.a 
Tla^el  of 


II.E.2.h.  'students 
answer  questions  asked 
by  instructor  regarding  ^ 
serial  number  inter- 
pretation. 
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b.    In  this  lesson,  you  will  be' given 
the  opportunity  to  obtain  knowledge 
of  its  cdmponents  and  their  operation, 
which  will  better  help  you  in  the' 
troubleshooting  and  repair  of  this 
pump. 

4.    Pump  components/ 

a.  Drive  Shaft. 

(1)  Varies  with  applications. 

•  ^ 

(a)    May  be  keyed  to  gear  in 
engine  gear  train. 

> 1,    N6t  removed  with  pump. 

(2)  Acts  as  driving  member. 

(a)    External  splines  engage 
with  internal  splines  of 
.  distributor  rotor. 

I 

b.  Lip  seals. 

(1)    Mounted  on  dtive  shaft. 

/  (2)    One  seal  prevents  engine  oil 

'  from  entering  the  pump. 

(3)  Second  seal  retains  fuel  oil  in 
the  pump. 

c.  Distributor  rotor. 

(1)  Driven  by  pump  drive  shaft. 

(2)  Drive  end  on  "DC"  pump  rotor 
houses  two  diametric  bores. 
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d.  Pumping  plungers. 

(1)  Four  plungers. 

(a)  Two  large. 

(b)  Two  small. 

(2)  Located  in  diametric  bores  of 
distributor  rotor. 

(3)  Actuated  mechanically  to  create 
high  fuel  pressure. 

e.  Cam  rollers  and  shoes. 

(1)  Positioned  on  distributor  rotor. 

(2)  Transmits  cam  action  to  jumping 
plungers.. 

f.  Leaf  springs. 

(1)  Two  springs. 

(2)  Secured  to  distributor  rotor. 

(3)  Retains  cam  rollers  and  shoes. 
(A)'    Limi^  maximum  plunger  travel. 

g.  .  Internal  cata  rljfig. 

(1)  Located  around  distributor  rotor 

(2)  Normally  contains  as  many  lobes 
as  there ^are  engine  cylinders. 
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(3)    Cause  the  pump  plungers  to 
move  toward  each  other. 

h.    Hydraulic  head.  \ 

(1)  Composed  of  two  units. 

(a)  ^Head  barrel  (outer) , 

(b)  Head  sleeve  (inner) . 

(c)  Head  sleeve  is  press- 
fitted  into  the  head 
barrel. 

1,    Normally  inseparable. 

(2)  Mounts  into  pump  housing. 

(3)  Contains  bore  in  which  rotor 
revolves . 

(4)  Houses  internal  fuel  passages 
and  charging  ports. 

i.    Fuel  line  connectors. 

(1)  One  for  each  cylinder. 

(2)  Connected  with  outlet' ports  in 
*  hydraulic  head. 

j.    Fuel  transfer  pump. 

(1)    Vane  typ6  -  positive  displacement, 


59o 
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'  '     *  '        (2)    Four  pump  blades  or  vanes. 

(a)    Spring  loaded. 

(3)  Vanes  driven  by  slots  in  dis- 
tributor rotor  end. 

(4)  Hydraulic  head  forms  one  surface  ;  . 
for  transfer  pump.                                       *  , 

k:    End  plate. 

(1)  Acts  as  a  cover  for  the  fuel  ^ 
tran&fer  pump. 

(2)  Contains  tTie  following  parts, 
(a)    Thrust  plate. 

1.  Absorbs  the  thrust  of 
the  spring-loaded 
transfer  pump  blades. 

/        (b)    Pressure  regulating  valve 

assembly.         ^  ' 

-  -  1.    Sleeve  controls  pressure 

curve  of  transfer  pump. 

2.  By-passes  excess  fuel 

from  the  tr^wmfer^  pump  '  ^ 

"  to  the  inlet  side  of  « 

th^  transfer  pump. 

,  n  IT  E  4.1.    Use  slide  to  show* 

1.    Governor  assembly*  ii.c.^.J.. 

governor  assembly. 

■  598 
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OF  INSTRUCTION  INSTRUCTOR  ACTIViil. 

(1)    Mechanical  flywheel  -  variable 
speed  governor. 

<2)    Function  is  to  control  or 

maintain  a  fixed  governed  engine 
speed • 

(3)  Flyweights  and  retainer  mounted 
on  distributor  rotor. 

(4)  Governor  flyweight  action  trans- 
mitted through  sleeve  to  governor  ^ 

(5)  Governor  arm  linked  to  metering 
valve .  " — 

m.    Metering  valve. 

(1)  Regulates  fuel  flow  to  pumping  j, 
chamber. 

(2)  Vfhen  closed,  will  stop  fuel  -  .  ^ 
flow  to  pumping  chamber. 

(3)  Regulates  fuel  flow  to  auto-  *  ,  ^ 
matic  advance  unit. 


^  .  r    1  pi  II  E  5      Show  slide  of  fuel  II. E. 5.    Trace  fuel 

Pump  operation  and  fuel  flow.  otflf^m  flow  ^^^^  ^®  projected  on 

a*    Transfer  pump. 

(1)    Draws  fuel  from  tank* 


system  flow. 

screen. 


(2)    Fuel  passes  through  inlet 

strainer  hpused  In  end  plate 
before  entering^  pump. 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  '  STUDENT  ACTIVITY 

(3)    Pump  capacity  greater  than  what 
is  needed  for  injectio.n* 


'    (a)    Excess  fuel  by-passed 

through  pressure  regulating 
valve  ♦  ' 

(4)  Fuel  not  by-passed  is  foifced 
into  air  vent  cavity  in  the 
hydraulic  head. 

(5)  ,  Fuel  under  pump  pressure  is 

forced  to  flow  through  a  drilled 
passage  in  the  bottom  of  the  air 
vent  cavity  into  the  annulus. 

b.  Annulus. 

(1)  Fuel  passage  machined  in  hydraulic 
head . 

'« 

(a)    Between  head  barrel  and  head 
sleeve. 

(2)  Fuel  enters  at  the  bottom  and  is 
forced  around  the  annulus  Woove  , 
to  the  top  of  the  groove.     >s^^i  . 

(3)  At  Che  top  of  the  annulus  the 
fuel  enters  a  passage  connecting 
it  with^  the  metering,  valve. 

c»    Metering  valve  and  metering  valve  bore. 

(1)    Helical  groove  cut  in  metering 
valve. 
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(a)    Permit  fuel  to  enter 
charging  ring. 

(2)    Quantity  of  fuel^tjasalng  through 
the  helical  groove  Is  regulated 
by  the  twisting  or  turning  of 
the  metering  valve  by  the 
governor  linkage. 

d.    Charging  ring  and  ports.  ^ 

(1)  Square-like  groove  cut  around 
the  outside  surface  of  the 
hydraulic  head  sleeve. 

(2)  \  A  number  of  holes  are  drilled 

in  the  charging  ting  gro6ve 
which  alloVs  for  the  exit  of 
fuel* 

(a)  Holes  are  called  charging 
ports. 

(b)  Number  of  charging  ports 
depend  on  the  number 
engine  cylinders  the 
pump  must  feed. 


Itfe^UCTOR  ACTIVITY 
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e.    Angled  passages. 

(1)    Locate^  In  distributor  rotor. 

(a)    Fuel  is  discharged  from  the 
charging  ports  when  two  of 
the  six  charging  ports  in 
the  charging  ring  line  up  ' 
with  the  two  angled ^drilled 
passages  in  the, distributor 


ERIC 
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(b) 
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INSTRUCTOR  ACTIVITY 
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f .    Pumping  cylinders, 

(1)  Transfer  pump  pressure  forces 
plungers  apart. 

(a)    Rollers  in  cam  ring 
valley. 

(2)  Distance  plungers  separate  or 
the  quantity  of  fuel  entering 
the  pumping  cylinders  is  con- 
trolled by  the  following 
factors: 

(a)    Fuel  pressure  at  the 
charging  ports. 


CM  "A''  IG  7,1.1 
STUDENT  ACTIVITY 


Fuel  at  transfei:  pump 
pressure,  flows  through  the 
two  angled  passages  to  the 
pumping  cylinders. 


II..E.5.f .(2)  Instructor  explain  II.E.5.f.(2)  Students 
and  define,  insuring  students  take  notes, 

completely  understand. 


1.    Controlled  by  the 

metering  valve  and  by 
*  transfer  pump  pressure 

which  varies  with 
engine  speed. 

(b)    Time  available  for  charging. 

1.    Controlled  by  the  length 
of  time  the  charging 
ports  in  the  hydraulic 
head  remain  In  line  with 
charging  ports  of  the 
rotor. 
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OUTLINE  OF  iSSTRUCTIOH  INSTRUtTUK  Auixviii  .   ^  

(c)    Total  plunger  displacement 
available* 


Ml 


1^   Controlled  by  the  roller 
shoes  contacting  the 
adjustable^ leaf  spring. 

(3)    Maximum  distance  plungers  may 
separate  limited  by: 

(a)    Leaf  spring  • 

g.  Discharging. 

(1)    Rotor  rotation  carries  angled 
passages  out  of  index  with 
charging  ports.  ^ 

(a)  Rotor  discharge  port  not 
yet  lined  up  with  an  outlet 
port  in  the  hydraulic  head. 

* 

(b)  Fuel  trapped  in  the  pumping 
cylinders'.  < 

^  (2)    Rotor  outlet  port  aligns  with 
head  outlet  port. 

(a)  Cam  rollers  contact  opposing 
cam  lobes  causing  the  plung- 
ers to  move  toward  each  other. 

1^  \ 

(b)  Trapped  fuel  is  forced  through 
<  , the  axial  passage  in  center  of 

rotor  unseating  deli\f^ry.  valval 
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(c)    Fuel  passes  through 

outlet  ports  and  lines. 

1.    To  injection  nozzle  in 
cylinder. 

1 

h.  Line  retraction. 

(1)    Lower^/line  pressure  to  a  pre- 
determined point  below  nozzle 
open^g  • 

(a)  The  cam  is  relieved  to  allow 
a  slight  outward  movement 

of  the  roller  before  the 
discharge  port  is  closed 
off. 

(b)  This  action  drops  the  pressure 
in  the  injection  line  enough 
to  give  sharp  cut-off  injec- 
tion ^nd  prevent  nozzle 
dribbling. 

i.  Return  oil  circuit. 

■i 

(1)    Fuel  under  transfer  pump  pressure 
travels  through: 

'(a)    Air  vent  cavity. 

1,    Upper  part  of  air-  vent 
^  V       cavity  connects  with 

longitudinal  passage 
called  air  vent  passage. 
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*  (b)    Air  vent  passage. 

1,    Connected  with  the 
governor  linkage  com- 
partment • 

2>    Removes  any  air  trapped. 

a.    Suction  side  leaks. 

3^  Provided  lubricating 
fuel  oil  to  governor 
linkage. 

(2)  Vent  wire  in  air  vent  passage 
'   prevents  fuel  pressure  lo«s. 

(3)  Excess  fuel  ih  housing  is  re- 
turned to  the  tank. 

j.    Pump  lubrication.  ^ 

^'     (1)    Lubricated  by  two  small  grooves 
locatf^d  on  either  side  of  the 
charging  port  on  the  outside 
diameter  of  the  distributor 
rotor  near  its  flanged  end. 

(2)  Grooves  carry  off  fuel  from  the 
hydraulic  head  charging  ports 
to  the  housing. 

(3)  Fuel  lubricates  the  cams,  rollers, 
governor  part,  etc. 

(4)  Absorbirig  heat  and  thus,  providing 


for  pump  cooling. 
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w  (5)    Excess  fuel  returns  to  the 
jgupply  tank. 

k.    Governor  operation. 

(1)  Throttle  linkage. 

(a)  Mounted  on  body. 

(b)  Contains  low  and  high 
y    idle  adjusting  screws. 

•(c)  Throttle  shaft  travel  is 
limited  by  the-  high  idle 
adjusting  screw. 

(2)  Governor  control  springs. 

(a)  Idle  spring  (lighter) . 

1>    Regulates  low-speed 
range  * 

(b)  Governor  spring  (heavier) . 

1^   Compressed  by  throttle 
linkage. 

(3^    Linkage  hook.  '  ^ 

(a)  Acted  on  by  both  springs  and 
weights 

(b)  Rotates  metering  valve. 


lI.E.S.k.  Show  slide  showing 
governor  operation. 


CM  "A"  IG  2.2.1 
STUDENT  ACTIVITY 


lI.E.S.k*  Trace 
governor  function  as 
projected  on  screen. 
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(4)    Governor  weights. 

(a)  Forced  out  by  centrifugal  \ 
^^^ction.  - 

(b)  Move  sleeve  and  governor  ^  ^ 
arm.  ^ 

1,    Ann  pivots  6n  knife-  •  ^ 

edged  shaft.  ^ 

(c)  Balances  with  spring  action.  ' 
6.    Optional  accessories. 

a.    Automatic  advance  mecharfism.  ^ 

(1)  Advances  injection  timing  with 
speed  or  load  increase.  ^ 

(2)  Permits  retarded  timing  for 
starting*  ,  ,  « 

(3)  Employs  movable  cam  ring  and 
•   I  Irocating  screw. 

^  (4)    Power  piston  actuated'  by  . 

increasing  transfer  pump  pres- 
,  sure 9  moves  locating  screw  and 

cam  to  advance  position. 


(5>-  Spring  piston  returns  cam  to 

retard  position  as  transfer  pump 
pressure  decreases. 


.         ^         J,  ^ 
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b.  Electric  shutoff *  '  ^ 

(1)  Energized  to  run  type. 

(2)  Energized  to  shut-off  type. 

(3)  Employs  a.,  solenoid  'and 
armature  mech^lsm. 

c.  Torque-control  screw. 
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Provides  a  means  of  determining 
point  of  maximum  engine  torque. 

(a)  .  High  idle  speed  controlled 

by  high  idle  screw  adjust- 
ment and  governor  operation. 

(b)  Fulf  load  governed  speed 
controlled  by  metering  valve 
contacting  torque  screw. 

(c)  Maximum  torque  fuel. 

1,  As  engine  slows  down 
under  load  ports  remain 
in  register  longer. 

a.  More  time  given  for 
transfer  pump  pressure 
to  separate  plungers.  ^ 

b.  More  fuel  Injected. 

2,  Maximum  fuel  delivered 
determined  by  plunger 

.  leaf  spring. 
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FueL  injection  nozzle. 
1.    Operating  principles. 


INSTRUCTOR  ACTIVITY 

n.F.  Show  slide  of  fuel 
injection  nozzle. 
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a.  Pressurized  fuel  from  injection 
pump  enters  top  of  nozzle  body, 

b.  Fuel  flows  through  passage  in  the 
valve  body  and  nozzle  spring 
retainer • 


c.  Annulair  groove  in  the  top  face  of 
the  valve  body  fills  with  fuel. 

d.  Two  passages  in  the  valve  body,  direct 
the  fuel  around  the  valve. 

e.  When  fuel  in  the  pressure  chamber 
reaches  a  high  pressure. 

(1)  Spring  forcfe  is  overcome, 
(a)    Controlled  by  shims. 

(2)  Nozzle  valve  opens  Inward. 

f.  Atomized  fuel  sprays  from  fotfr  - 
orifice  holes  in  nozzle  tip. 

g.  Injection  ends.* 

(1)    Spring  snaps  valve  shut  on 
seat. 

h.  Nozzle  lubrication.' 

(1)    Fuel  passes  between  valve  stem.  ^ 
and  body. 
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(a)  Fuel  lubricates  and  cools 
the  valve. 

(b)  Carried  off  through  center  > 
bore  of  spring  retained  and 

'    return  passage  in  nozzle 
V  body. 

(c)  Manifold  connects  all  nozzles. 

 ^—  i*-  Returns  fuel  to  tankt  

2.    Disassembly  fuel  injection  nozzle  and 

trace  fuel  flow  through  injection  nozzle.  ' 

G.    cooling  system  (construction).  'lI.G^hQW  slides  of  cooling 

system. 

1.  Radiator  lower  tank. 

2.  Water  pump. 

3.  Engine  oil  cooler,  flywheel  housing 
*  passage. 

a.    Water  from  pump  is  directed  through 
engine  oil  cooler  and  flywheel 
housing  passage. 

4^.    Cylinder  block. 

5.    Cylinder  head. 

6'.    Thermostat  (san^e  as  automotive  application) 
7.    Radiator  upper  tank. 

a.    Overflow  tuSe  is  sealed  by  pressure 


62i 


A^lve  assembly. 
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(1)  Prevents  water  loss  on  incline 
operation. 

(2)  Permits  higher  altitude  operation.  ^ 

(3)  Will  open  to  release  pressure 
>  in  system  if  pressure  exceeds 

predetermined  valve  setting. 

 %^ — Radiator  core. —  .  ,  ^  ^  

^9^    Radiator  shutter  (special  application). 

a.    Used  to  restrict  air  floy  through 

radiator.  *  •  ^  ' 

(1)    Cold  weather  operation  only. 

10.  Radiator  fan  and  fan  bracket.  "  .  ^ 

a.  Equipped  with  either  section  or 
pusher-type  fans. 

b.  Fan  belt  adjustment  accomplished  by: 

(1)    Pulling  generator  away  from 
block  to  tighten  belt* 

11.  Fan  belts. 

a.    Check  specification  to  obtain  proper 
amount  of  fan  belt  slack. 

.    *      ,b.    Always  keep  belt  at  correct  adjust-       ^  .  .  \ 

ment. 

H.    lubrication  system  (construction).  .    II-H.    Show  transparency  and /or 

slides*  '  ^  , 

624 
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1.    Oil  pan. 

2*    Oil  pump  screen* 

3«    Oil  pump. 

a.    Rotary  gear  type,  positive  displace- 
ment* / 

(1)    Pumping  gears  are  helical-type 
[  gears*  ]  '  ^  ' 

4*    OH  cooler.  "  ' 

a/  Core  is  replaceable. 

5*    Oil  filters.         ^  '  ^ 

7 

a.  Mounted  to  left  side  of  crankcase. 
(1)    Hang-dovm  type. 

(a)    Prevents  dirt  from  getting  ^ 
^'  into  system  when  changing 
filter  elements. 

b.  Replaceable  elements.  . 

(1)  Impregnated  paper. 

(2)  Two  elements. 

c.  All  oil  going  to  engine  parta.  passes 

through  these  filters.  ^  .  '  ^  ^ 

(1)  Full-flow* 

625  "9  'i        '  . 
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d.    Filter  by-pass  valve  housed  in  each 
filter  case.  ' 


■  (1)    Allows  oil  to  go  to  moving  parts 
of  the  engine  in  the  event  filter 
becomes  clog'ged. 

e.    Filter  header. 


:  (1)    Directs  oil  directly  to  turbo  ■  

charger. 

d.    Pressure  regulating  valve. 

Maintain8\an  operating  pressure  of 
44  PSI. 

7.  bil  manifold  and  other  internal  passages. 

a.    Supplies  oil  to  all  moving  engine 
parts. 

8.  Crankcase  oil  filler. 

a.    Expandable  rubber  seal  on. filler  cap. 

9.  Jrankcase  oil  filler. 

Expandable  rubber  seal  on  dip  stick. 
10^    Crankcase  breatheSr. 

a.  Located  above  the  push  rod  chamber 
covers. 

(1)    Right  side  of  engine. 

b.  Breather  element  *  housed  in  crankcase. 
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OUTLINE  OF  INSTRUCTION 
III.  Application* 

A.    Prestart  check,  start,  opeifate  and  secure 
International  die^l  engines  while  monit- 
'  oring  instruments  and  Interpreting  readings. 
All  performance  will  confonvwithout  error 
to  manufacturer's,  recommendations  as 
specified  in  the  job  sheet  CM  "A"  JS 
2.2.1.1,  '•Maintenance  of  International 
UDI  429  Diesel  Engines". 


INSTRUCTOR  ACTIVITY 


III.A.    Direct,  supervise  and 
evaluate  student  performance 
in  conducting  pre-sJtart  checks, 
starting,  operating  and 
securing  International  diesel 
engine  while  monitoring  instru- 
ments and  interpreting  readings. 
All  performance  conforming  to 


manufacLuici *s  lecummenJatlons  job  sheet  CM — A — ^ 


CM  "A"  IG  2.2.1 
STUDENT  ACTIVITY 


III. A..   Perform  prestart. 
checks,  start,  oper^ate, 
and  secure  Internatidr^l 
diesel  engine  irtiile  mon- 
itoring instruments  and 
conforming  ta  manufac-  . 
jturer ' s  recommendations 
as  specified  in  the ^ 

9  9,1 


IV. 


J 


Summary.  4. 

A.    Description  of  International  Diegel 
engines.        .  A- 

p.    Components  and  functions  for  starring. 

C'    Prestart  check,  starting,  operating  and 
securing  IHC  429  engine. 

D.  Practical  exercises  in  prestart  .checking, 
star  tiring,  operating  and  securing  the 
engine.  ^ 

E.  *  Roosa  Master  Fuel  Injection  Pump. 

F.  Fuel  injection  nozzle. 

G.  Cooling  system  (construction). 

H.  Lubrication  system  (construction). 


without  error  as  specified  in 
job  slieet. 


Maintenance  of  Interna- 
tional UDT  429  Diesel 
Engine.  . 


J 


Test: 


A.    Written  test  to  be  given  at  end  of^  this  unit/ 

*> 
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NAVAL  CONSXRUCTIOlJ  TRAINING  CENTER 
PORT  llUENEME,  CALIFORNIA  93043 
CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:  Unclassified 
Topic:    International  Diesel  Engine  Maintenance 
Average  Time;    11  Periods,  (Class),  18  Periods  (Pract) 
Ins^^ructional  Materials: 

A.  Texts: . 

1.  *  dpe'rator's  Manual,  International  UDT  429 

Form  108520R1,  International  and  Hough  Con- 
structiou  Equipment,  401  N.  Michd^gan  Ave., 
Chicago,  Illinois    60611  (entire  manual). 

2.  Service  Manual,  Roosa^!aster  Fuel  Injection 
Pump  for  International  Diese]^  Engines Form 
ISS1042D,  International  and  Hough  Construc- 
tion Equipment,  401  N.  Michigan  Ave., 
Chicago,  Illinois    60611,  Sec.  1,  pp. 

5-7,  Sec.  3,  pp.  1-17. 

3.  Service  Manual  InternaJiiona4*429  Series 
Diesel  Engine  Form  ISS1503D,  International 
Harvester  Co.,  401  N.  Michigan  Ave., 
Chicago,  Illinois  606ll,  Sections  1,  2, 

6  and  7. 

B.  References:  None. 

C.  Tools,  Equipment  and  Materials: 
1.  Tools. 


Terminal  Objective:    Upon  completion  of ^this  unit 
each  student  will  be  able  to  operate  and  service 
International  diesel  epgine  model  429  while  working 
as  a  member  of  a  two  (2)  man  team.    He  will  use  all 
appropriate  handtools,  special  toc^ls,  and  shop - 
equipment.    These  tasks  will  consist  of  engine  oper- 
ation followed  by  service  to  the  fuel  system,  Pooling 
system  and  lubricating  system*    All  performance  will 
comply  without  deviation,  to  manufacturer'^  recommend- 
ations as  specified  in  the  job  sheet  CM  "A"  JS 
2.2.1.1,  "Mairitenanfce  of  Interjiational  Diesel  Engines". 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  service  International 
diesel  engine  model  429,  while  working  as  a  member  of 
a  two  (2)  man  team.    He  will  use  all  appropriate 
handtot}ls,  special  tools,  and  shop  equipment*  Spec- 
ifically, he  will  service  fuel  injection  system, 
scavenging  system,  cooling  system  and  lubricating 
syst^.    All  tasks  will  conform  to  manufacturer 's- 
recommendations  as  atated  in  job  sheet  CM  "A"  JS 
2.2.1.1,  "Maintenance* of  International  Diesel  Engines". 

V 

Criterion  Tests:    Service  International  diesel  engine 
fuel  system,  scavenging  system  and  lubricating  system 
while  conforming  to  manufacttirer's  specifications  as 
specified  in  job  sheet  without  deviation. 

Homework:  Read: 

1.    Service  Manual,  Roosa-Master,  Rbosa-Master  Fuel 
Injection  Pump  for  International  Diesel  Engines  Form 
ISS1042D,  Sec.  1,  pp.  5-7,  Sec.  3,  pp.  1-17. 
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«•    Diesel  engine  handtools* 
*  b.    Intematlooal  special  tools. 

c.  Diesel  engine  shop  equipment. 

2 .  Equipment •  * 
a.  Major. 

(1)    International  UDT  429  Diesel  Enginfe? 
(4  each) . 

3.  Materials  (consumable) . 

a.  Cleaning  solvent. 

b.  Diesel  fuel, 
'c.  Engine  oil. 

d.  Wiping  rags. 

^  e.    International  fuel  filters. 

f.    International  oil  filters; 

^.    International  air  filters,.  ^ 
D.    Training  Aids  and  Devlpes: 

1.  Film  slides. 

a.    International  dlesel  engines. 

2.  Locally  Prepared  Materials: 


635 
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a.    Job  sheet. 


(1)'  CM  "A"  JS  2.2.1.1,  '"Maintetiance  of 

International  UDT  429  Diesel  Engine". 


r 

E.    Training, Aids  Equipment: 
1.    35nm  slide  projector. 
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OUTLINE  OP  IKSmUCXlOH 
I.    Introduction  to  the  lesson. 
A*    Establish  contact. 
1  •    Same : 

2.    Topic:    International  Diesel  Engine 
Maintenance. 

B.  Establish  readiness. 

1.  Purpose. 

2.  Assignment. 

C.  Establish  effect. 
1.  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job. 
.  c.    Get  advanced. 

d.    Be  a  better  Construction  Mechanic* 

D.  Overview: 

1.    In  this  lesson  you  are  going  to 
cover  the  maintenance  of  the  IHC 
UDT  429  engine.    You  will  have  the 
opportunely  to  perform  all  the 
maintenance  checks  and  minor  adjust- 
ments which  prolong  the  life  of  the 
equipment.    A  good  maintenance  mechanic 
can  save  the  shop  crew  endless  hours  of 
repair  work  b/  doing  a  good  job  of 
periodic  maintenance. 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topics 


I.B.    Motivate  student. 


I.e.  Bring  out  need  and  value 
of  material  being  presented. 
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STUDENT  ACTIVITY 


I.D.    State  learning  objectives. 

1.    State  informa^on  and 
materials  necessary  to  guide 
student. 
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INSTRUCTOR  ACTIVITY 


CM  "A" 
STUDENT 


IG  2. -.2 
ACTIVITY 


The  jobs  you  will  do  here  in  the  school 
are  identical  to  the  work  you  will  be 
expected  to  know  and  accomplish  at^  your 
next  duty  station. 

3.    Suggestions  for  the  instructor. 

a.  Emphasize  the  importance  of  strictly 
following  manufacturer's  procedures 
and  specifications. 

b.  Urge  student  to  use  manufacturer 's 
manual  covering  the  specific  model 
engine  being  serviced. 

II.  Presentation. 

A.    Scavenging  system  maintenance. 

1.  Servicing  air  intake  cap. 

a.    Clean  screen  with  compressed  air. 

(1)    If  air  is  available,  wash  in 
clean  hot  water  containing  a 
small  amount  of  non-sudsing 
detergent. 

2.  Servicing  air  filter  element, 
a.    Two  methods. 

(1)   .Washing  is  preferred  method. 

(a)    Removes  more  dust  and  soot 
and  restores  element  M:o 
almost  new  condition. 


II. A.  Show  slide  presentation 
on  scavenging  system. 


63J 


(5  of  22) 


64u 


3^^ 


OOTUHE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2,2.2 
STUDENT  ACTIVITY 


(b)    Tap  side  or  end  of  element 
against  palm  of  your  hai^ 
to  remove  loose  dirt. 


NOTE:    Do  not  tap  element  against 
hard  surface*    This  will 
damage  element. 

(c)  Wash  element  In  clean  warm 
water  with  a  small  amount 
of  non-sudslng  detergent. 

(d)  Rinse  element  In  clear 


(e)    Lay  element  on  £ts  side 
and  allow  to  air  dry*^ 

NOTE:    Do  not  try  to  remove 
excess  water  by  using 
compressed  air.  Air 
will  rupture  wet  element. 


(2)    Compressed  air  second  metho4. 

(a)  Tap  side  or  end  of  element 
against  palm  to  remove 
loose  dust« 

(b)  Direct  clean  dry  compressed 
air  up  and  down  the  pleats 
on  the  clean  side  of  the 

^  element • 


water. 


3.    Valve  adjustment. 


II. A.  3.  Show  slide  presen 
tation  on  valve  adjustment. 
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OUTLINE  OF  INSTRUCTION 

a.  Adjust  valves  with  engine  cold^ 

b.  Remove  valve  cover. 

c.  Turn  engine  over  until  number  on 
piston  Is  on  compression  stroke. 

(1)    Timing  pointer  ovf  the  front 
cover  Is  In  line  with  "TDC"  . 
mark  on  the  vibration  damper ♦ 

NOTE:    Piston  Is  on  compression 
when  the  push  rods  are 
,  loose  and  can  be  turned 

^  easily. 

d.  Adjust  No»  1  -  2  and  4  Intake 
valves  and^  No .  1  -  3  and  5 
exfiaust  valves* 

(1)  Specifications  (valve  lash  - 
cold) . 

(a)  Intake  valves  •012"  - 
.014". 

(b)  E  haust  valves  •024"  - 
.026". 

(2)  Turn  rocker  arm  adjusting  screw 
in  or  out  until, correct  feeler 
gauge  clearance  is  obtained. 

e.  Turn  crankshaft  one  complete  revol- 
ution until  "TDC"  mark  lines  up 
with  pointer  again. 


INSTRUCtOR^ACTIVITY 

II. A. 3. a.  Use  chalkboard  to 
demonstrate  valve  adjustment. 


CM  •'•A"  Ifi  2.2.2 
STUDENT  ACTIVITY 

II-.A.3.a.  Students 
take  notes  and/or 
make  sketch. 
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OUTLIHE  OF  INSTRUCTIOM  ^ 

f*.  Adjust  No.  3-5-6  Intake  valves  and 
No.  2-4-6  exhaust  valves.* 

^  g.    Replace  valve  cover. 

NOTE:    Valves  may  '^e  adjusted  in 
conventioij^  manner  -  pos- 
itioning piston  TDC  compres- 
sion for  cylinder  to  be 

adjusted. 

*  > 

'  4.    Exhaust  stack  and  rain  cover  services. 

{ 

a.    Keep  free  of  obstructions. 

>^       b.    Rain  cover  must  pivot,  freely. 

5.    Turbocharger  inspection.  ^ 

a.    Inspect  compressor  wheel. 

(1)    Check  for  soft  .carbon. 

h.    Check  connections  to  turbocharger. 

<i)    Must  be  air  tight. 

B.    lubricating  system  maintenance. 

\  'l.    Oil  change  iprocedurek.    '  ^ 

a.   -Engine  must  be  at  operating 
tempei;ature. 


b.    Drain  oil  from  oil  pan, 


INSTRUCTOR  ACTIVITY 
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II. B.    Show  transparency. 


II. B.    Trace  on  screen. 
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2^^    Filter  change  procedure. 

a.  Remove  plugs  and  drain  oil  filter 
completely. 

(1)    Reinstall  gaskets  and  plugs. 

b.  Clean  filter  header. 

(1)    Prevents  dirt  from  dropping 
into  cases  during  reassembly. 

c.  Unscrew  the  two  filter  case  bolts. 

> 

(1)    Remove  cases  and  elements. 

d;    Discard  ielements  and  gaskets. 

e.    Wash  filter  cases  thproughly  in 
solvent  and  dry. 

t.  Installation. 

(1)    Place  new  elements  into  cases. 

^^ms^  <^,^  (2)    Add  one  quart  oil  to  each  case. 
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OUTLINE  OF  INSTRUCTIOH  _  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

c.    Refill  pan  to  proper  level  (check  , 
bayonet  gauge  -  engine  stopped) . 


647 


'  (3)    ule  new  gaskets.  "  SStruVr*'fi:itJeir>'-^^^^  vy*^  >^^, 

cases  to  header  with  bolts  and 

washers.  ^ 
(4)    Torque  to  specified  torque, 
3.    Cleaning  of  crankcase  breather. 


ERIC 


a.    Remove' two  bolts  \&hich  secure  bteather 
Q  pipe  to  crankcase. 
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OUTLINE  OF  IMSTRPCTION 


INSTRUCTOR  ACTIVITY 


Resove  breather -eleaent  from  crank- 
case.  ,  - 

(1)  Wash  In  solvent. 

(2)  Dry  thoroughly. 

c.  Check  breather  pipe  to  be  sure  It  ii 
not  plugged  or  restricted. 

d.  Reinstall  element,  breather  pipe  and 
bracket. 

4.    Inspection  and  correction  of  oil  leaks, 
a.    Inspect  carefully • 

(1)    Engine  running  and  stopped. 
'  b.    Determine,  cause  of  any  lubricant  leaks, 
c.    Report  to  supervisor. 
C.    Cooling  system  maintenance.^ 

1.  Cleaning  of  radiator  fins, 
a.    With  air  or  water  pressui?e. 

Straighten  any  bent  fins. 

2.  Fan  belt  adjustment, 
a.    1/2  inch  to  3/4  inch  slack. 

,b.    Move  generator  out  to  tighten- belts. 


I I.e.    Show  transparency. 
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I I.e.    Trace  on  screen. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2. ..2 
STUDENT  ACTIVITY 


D. 


II .D.  Give  students  problems 
to,  work  out.  -  , 


B5i 


3.  Water  pump  belt  adjustment, 
.a.    1/2  inch  to  3/4  inch  slack. 

b.    Move  idler  out  to  tighten  belt. 

4.  Inspection  and  correction  of  water  leaks. 

a.  Inspect  carefully. 
(1)    With  engine  running  and  stopped. 

b.  Determine  cause  of^ny  water  leaks. 

c.  Report  to  supervisor. 
Hour  meter.  \ 

1.  Importance  to  the  maintenance  program. 

a.    Assists  in  scheduling  all  preventive 
maintenance. 

2.  Location  and  Interpretations  of  readings.  II.D.2.    Refer  to  Operator's 

manual,  form  1085250RI,  page  7. 

a.  Mechanical  type  -  driven  by  engine' 
gear  train. 

(1)    Number  arrangement  similar  to 
Speedometer. 

b.  Indicator  has  a  correction  factor 
to  determine  actual  hours  of  engine 

operation  from  indicated  hours.  > 
(1)  Example: 

(a)    Engine  RPM  -  2000  (tachour- 
meter  reading) . 
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II. D.  Students  work 
out  problems. 
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OUTLDiE  OF  IHSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(b)  Indicated  hours  -  100 
(^hourmeter) . 

(c)  '  To  determine  actual  hours 
of  operation,  multiply 
the  indicated  hours  (100)  t 
by  the  correction  factor 
(.83). 

(d)  Actual  hours:    83  hours.  ^ 
E.    Fuel  system  maintenance.  ^ 

1.    Fuel  tank. 

a.  Fueling.  ^ 
(10    End  of  work  day. 

(a)  Removes  warm  air  from  tank. 

(b)  Lessens  possibility  of  x 
condensation. 

(2)  Cl^n  cap  before  removing . 

(3)  Clean  vent  hole  in  cap. 

(4)  Check  and  clean  filler  hole  ^  ^ 
scteen  If  requited.  ^ 

b.  Removing  sediment  and  water. 

(1)    Open  tank  drain  cock  eafch 
morning . 
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(a)    Heavy  materials  settle  to 
bottom. 
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OUTLINE  OF  INSTRUCTION  INSTRUCT^"  t^TIVITY'  STUDENT  ACTIVITY 
  y 

(2)    Drain  off  about  one  quart 

of  liquid.  ) 

I  2.    Sediment  trap,  cleaning  procedure.  .  /      .  • 

t  4a.    Close  fuel  shut-off  valve  at  fuel  ' 


ERIC 


supply .  *  . 

b.  Loosen  thumb  nut  under  glass  bowl.  ^ 
(1)    Remove  ball»  bowl  and  screen. 

c.  Wash  bowl  and  screen  in  solvent •  ^  /  • 
(1)    Remove  all  dirt  and  sediment;,                                                       -  , 

d.  Reassemble  glass  bowl»  screen  and  bail. 
(1)    Tighten  thumb  nut  by  hand. 

e.  Open  fuel  shut-off  valve  and  veuc  the 
'  fuel  system. 

il)    Follow  the  procedure  for  priming 
fuel  system. 

Replacing  fuel  filters.  i 

a.  Open  bleeder  valve. 

b.  Remove  drain  plug  from  filter  case. 
(1)    Allow  fuel  to  drain. 

c.  Unscrew  retaining  screw. 
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OUTLINE  OF  DiSTRUCTION 

(1)    Remove  cover. 

d.  Remove  abd  discard  gasket  and  element. 

e.  Clean  inside  of  the  cover  and  case 
with  diesei  fuel. 


INSTRUCTOR  ACTIVITY 
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f •    Install  new  element  in  case. 

g.  Place  new  gasket  into  cover. 

h.  Place  cover  on  case  and  tighte\[i 
retaining  screw. 

i.  Install  drain  plug  and  close  bleeder 
valve. 

j.    Vent  fuel  system* 

(1)    Follow  procedures  for  priming 
fuel  system. 

4.    Priming  and  vent^ing  fuel  system. 

'/ 

a.  Check  to  see'  if  there  is  an  adequate 
supply  of  fuel  in  the  tank* 

(1^ J  Open  s^ut-off  valves.  ' 

b.  Units  equipped  with  an  electric  fuel 
transfer  pump. 

(1)    Turn  ignition 'and  starter  switch 
to  the  "ON",  position, 

c.  Open  bleeder  valve  located 
each  fuel  filter. 


CM'  "A"  IG  2.Z.2 
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OUTLINE  OF  INSTRUCTION 


d.    When  clear  fuel. (no  appearance  of 
'    alif)'' flops' from  £He  flrart^  bleeder 
valve,  close  it. 

(1)    Close  the  secojid  bleeder  valve 
as  soon  as  clear  fuel  appears. 


e.    Start  ^ine. 

Locating  a  misfiring  cylinder. 

a.  Loosen  nut  connecting  fuel  line 
to  nc|zzle. 

-    (1)    ^ne  at  a  time. 

(2)    Listen' for  RPM  drop. 

•*  - 

.  (3)    Use  rag  to  protect  yourself 
from  fuel  spray. 

b.  Cylinder  which  does  not  change 
engine  RPM  is  misfiring. 


6.    RepladSJNnt  of  fu^l  injection  nozzles. 

a.  Remove  fuel/lines  and  pldfe  openings • 

b.  Remove  fufel  leakoff  (fuel  return)  ^ 
manifold  from  injection  nozzle 
holders. 

c.  .  Remove  the  two  cap  screws  that  hold 
down  the  inje^ction  nozzle  holder. 

d.  Remove  nozzle  holder  from  cylinder 
head . 


65  d 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.:  1 
STUDENT  ACTIVITY 


II /D  .5;    Deinbnstrate  in  shop 
prior  to  student  participation. 


n .» .  5. — Student-s- 
take notes. 


«  .  II.D.S.b.  Emphasize. 
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f>a<;TPnCTOR  ACTIVITXi^                      STUDENT  ACTIVITY 
OUTLINE  OF  IHSTRPCTION  INSTRUClUR  ACiivxiK  ^  _  

e.  Remove  and  discard  seal  washers  '  •  , 
for  new  one. 

(1)    These  are  compressible  washers.* 
and  should  not  be  reused. 

f .  Install  Injection  nozzle  holders. 

(1)    Be  sure  nozzle  gasket  is  in 

bottom  of  nozzle  sleeve.  \  ^ 

^  -  ^  ^  •       J  ^  ' 

g.  Torque  injectior^  nozzle  holders.-  A 

h.  ^  Install  fupl  leakoff  manifold.       '  \ 

i.  Install  fuel  .lines.  .  ^  .         .  ~  ' 

7.    Engine  compression  test.  v 
*  •  « 

a.  Remove  No.  1  injection  nozzle  holder 
from  cylinder. 

b.  Insert  proper  adapter  into /cylinder 
head. 


V 


KG 


(1)  Secure  adapter  in  place. 

(2)  Attach  pressure  indicator  to 
adaptet. 

Start  tfie  engine. 

(1)  Operate  engine  at  1,000  RPM. 

(2)  Check  reading  against  specifications, 
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CM  "A"  IG  2.2.2 

OirrLINE  OF  INSTRUCTION  *  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


(3)    Check  other  cylinders  in  the 
same  manner* 

d.    Install  each  nozzle  assembly  after 
checking  conlpression. 

^r.    High  idle  adjustment. 

a  /  bisconnec t  throttle  linkage  to  the 
pump* 

b.  Hold  throttle  lever  all  the  way  back 
to  the  rear. 

c.  Adjust  high  idle  stop  screw  until 
specified  high  idle  speed  is  obtained. 


d.    Connect  throttle  linkage. 
9.  .  Low  idle  adjustment.  ^  II>.9.    Instructor  demonstra-  H^'IJ^^^''^-'^ 


a.    Disconnect  throttle  linkag*'  to 
pump.  ■ 
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b.  Move  throttle  lever  of  the  pump  « 
forward  until  engine  speed  drops  to  '  \ 
500-600  RPM*         '  . 

c.  Turn  the  low  idle  stop  screw  in  or 
out  until  the  specified  low  idle 

speed  is  obtained.  ^ 

(1)    Lock  the  locking  nut.  ^ 

10.    Transfer  l5unip  pressure  test.  * '  ^^^^^^ 

a.  .Pressure  must  fall  within  a 

specified  range.  6^4 

6B3  '         ,  (17  of  22) 
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INSTRUCTOR  XcTIVITY 


CM  "A"  IG  2..  .2 
STUDENT  ACTIVITY 


S6:i 


mamam. 


Cf)    Check  is  made  under  no  load 
conditions. 

(2)  High  idle  speed- 

(3)  Bngin^  thoroughly  warmed  up. 

b.  InstalTT068  gauge~block^88mbTy 
and  4072  fitting  into  the  transfer 
pump  pressure  tap. 

(1)    Insert  4071  compound  gauge  assembly 
'    into  4068  gauge  block. 

c.  Low  pressure  is  the  most  common 
problem. 

(1)    Most  common  causea  of  low 
pressure  are: 

(a)    Restricted  fuel  supply 
caused  by  pinched  lines. 


(b)  Closed  vent  or  dirty 
filters. 

(c)  Fuel  supply  air  leaks  in 
piping,  filters,  or  end 

'        plate  assembly. 


(d)    Worn  transfer  pump  blades. 

Malfunctioning  regulating, 
.ve. 

Scofed  pump  liner  or  end 
e. 
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OUTLINE  OF  INSTRUCTION  '    '  ^    ^      INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


11,    Suction  side  pump  test, 

a.  Restricted  fuel  supply, 

(1)  Install  4078  gauge  block  and 
hose  Assembly  in  pump^  inlet.. 

(2)  Insert  compound  gau^e. 

(3)  Operate  engine  at  high*idle, 

(4)  Read  gauge  for  vacuum* developed , 

(5)  If  reading  excee4s  10  inches  HG 

*  (a)    Check  for 'dirty  filt'ers, 

pinched  or  Collapsed  fuel 
'  "  linei  or  a  plugged  vent, 

b.  Fuel  supply  air  leaks. 

\(1)    Operate  engine  at  Ipw  xdle. 
(Z)    Close  fuel  tank  valve. 
•  ^        {y)    Read  gauge  for  vacuum  devjeloped, 


(4)    Reading  Should  reach  at  least  •     '  ^ 
2Q  inches  HG. 

(a)  Before  engine  starlls. 

(b)  Reading  shpuld  hold  for 
'                        '  several  minutes  after 

'  N  „  engine  stops. 

*    (5)    If  vacuum  reading  is  less  than 
^20  inches  HG  when  the  engine 
'  stops  and  rapidly  diminishes. 

667  ^  ^     •  • 
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oilTLIME  OF  DESTRUCTION  >    _  ^       J  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(a)    There  are  air  leaks.  ^ 

(b^   Leaks  majf  b^e  found  in  the 
iupply  system  or  en4  p\ate 
Assembly. 

(6)    If  vacuum  reading  is  less  than 

^.  2Tr  inch^fiTwHefii^^T^  :  ^  ^ 

an4  does  not  diminish. 

*•  • 

^  (a)    Worn  or  malfunctioning 

transfer  pump  is  indicated. 

^    ^  TT  n-^^      TnRfructor  demon-         *II.D.12.    Students  take 

12.    Pump  housing  pressure  test.  ll.u.-iz.    instructor  aemou 

stration.  notes.        ,  _ 

a.  Remove  piimp  timing  plate  from  pump. 

b.  Make  small  hole  in  timing  plate 
gasket.  ^ 

^  c.    Secure  A068  gauge  block,  ^07?  / 

adapter  and- 4077  flange  to  Hide  ^ 
of  pump. 

d.  Operate  engine  at  both  low  and  t  , 
high  idle.                                           '            '                  ^  \ 

e.  Pressure  should  range  between  6-^ 
'                 .  PSI  in  the  pump. 

(1)  Outlet  fitting  in  the  pump 
cover  is  equipped  with  a  spring- 
loaded  l*lll  check  to' maintain 
tills  6-8  in  the  pump. 

(2)  Pressure  above  these  readings 
D^ij         /                 would  indicate  restricted  fuel 

^  return  line.  , 

Q  '  ,  (20  of  22) 
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(a)    Any  restricted  lines  must 
^  be*  replaced. 


F.    General  checks. 

1.    Bolts  and  nuts  for  tightness, 
a*.  '  H^d  bolts. 


(1)  At  operating  temperature. 

(2)  In  proper  sequence. 

b.  Pan  and  valve  cover  bolts  often 
,  neglected. 

c.  General  check  of  all  nuts  and  bolts. 

2.    Linkage  lubrication. 

a.    Lubricate  lightly  all  liiikage  nrf 
previously  mentioned. 


III.  Application. 

A.    Criterion  Test:    Service  International 

diesel  engine  fuel  system  scavenging  system 
and  lubricating  system  while  conforming 
to  manufacturer's'  specifications  as  ^ 
specified  in  job  sheet  without  deviation. 

IV.  'Summary.  ^ 

A.  Scavenging  system  maintenance. 

B.  Lubricating  system  maintenance. 

C.  Cooling  system  maintenance.  ' 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.2.2 
STUDENT  ACTIVITY 


III .A.    Direct,  supervise  and 
evaluate ^^iTdent  performance 
In  servijcing  the  International 
UDT  429/ diesel  engine,  conform- 
ing tc)  manufacturer  *s  spec- 
ificaxions  as  specified  in  the 
job  sheet  CM  ''A"  JS  2.2.1.1, 
without '  devi^ion . 


III^A.    Perform  main^ 
tenance  services  to  IHC* 
UDT  429  diesel  engine 
while  conforming  to 
manufacturer's  specifi- 
cations as  specified  in 
the  job  sheet  CM  "A"  JS 
2.2.1.1,  Mcintenance 
of  International  UDT  429 
Diesel  Engine  without 
deviation. 
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OUTLINE  OF  INSTWyriON  ^  INSTRUCTOR  ACTIVITY  '        STUDENT  ACTIVITY 

D,  Hourme^r^. 

Fuel  system^maintenance. 
'  F.    General  checks. 

V.    Test:  •  ♦      ,  ^ 

♦  » 
a;,  End  of  unit  written  test. 

♦  *  *  *     *  , 

\'.  ■        •       .  ■  \ 
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'     NAVAL  CONSTRuItION  TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA-  93043 
CONSTRUCTION  MECHANid;  "A"  SCHOOL  TRAINING'  dOURSE  A-6IO-0022 


CM  "A"  IG  2.3.1 


Classification:    Uncla8.sif  ied 
Topic:    General  Mo'tbrs  Diesel  Engine  Operation 
Average  Time:    4  Periods  (Class) ^2  Periods  (Pract) 
-Instructional  Materials:  # 

A,  Texts:'  •  ^ 

1.  V-7i  Engines,  Detroit  Diesel  Operator's 
Manual,  Form  6SE215  (current  revision), 

•   Detroit  Diesel  Engine  Division,  GM  Corp.;  ^ 
Detroit, 'Michigan  48228  (portions  of 
entire  manual) • 

2,  In-line  71  Engines,  Detroit  Diesel  Mainten- 
ance, Form  6SE177,  Detroit  Diesel  Engine 
Division,  GM  Corp.,  Detroit,  Michigan  48228 
(portions  of  entire  manual) . 

B.  References:  None. 

Toojs,  Equipmeii:r.  and  Materials:  * 
1.  Tools., 


2.    a.    Diesel  engine  hand tools. 

b. :    GM  special  tools.  » 

r 

c.  Shop  equipment. 


Terminal  Objective:    UpTon  completion  of  this  unit 
each  student  will  be  able  to  operate  and  service 
General  Motors  71  series  diesel  engines, while  using 
appropriate  handtools,  special  tools  and  materials. 
He  will  operate  the  engine  and  conduct  service  pro- 
cedures to  the  fuel  .system,  cooling  system  lubi:icating 
system  and  scavenging  system  with  all  tasks  conforming 
without  error  to  manufacturer's  specifications  and 
recommendations  as  specified  in  job  sheet  CM/'A  JS 
2.3.1.1,  'iMaintenance  of  General  Motors  Diesel  Engines" • 

Enabling  Objectivefi;    Upon  completion  of  this  topic 
eafih  student  will  be  able  to  operate  a  General  Motors 
71  series  diesel  engine.    He  will  prestart  check, 
start,  run  and  secure  the  engine,  while  monitoring 
the  instruments,  and  irvterpreting  readings  to  determine 
normal  or  abnormal  function  of  engine  systems  as  related 
to  the  two  stroke  cycle  principles  of  operation.  All 
tasks  will  be  in  accordance  with' a^nufacturer  *8  spec- 
ifications, without  error,  as  outlined  in  job  sheet 
CM  "A"  JS  2.3.1.1,  "Maintenance  of  General  Motors 
•  Diesel  Engines". 

Criterion  Test:    Prestart  check,  start,  run  and  secure 
GM  71  series  diesel  engine  while  monitoring  the  instru- 
ment, and  interpreting  readings  to  determine  normal  or 
abnormal  function  of  engine  systems  as  related  to  the 
two  stroke  cycle' principle  of  operation.    All  tasks 
will  be  in  accordance  with  manufacturer's  specifications 
without  error  as  outlined  in  the  job  sheet. 
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V  CM  "A"  IG  2.3.1 

2.  Eqai-ptnent:  Homework:  ^ead: 

'  1.    In-line  71  Engines,  Detroit  Diesel  Maintenance 

*  pages  4-17;  V-71  Engines,  pages  5-13. 

(1)  GM  V-6-71  Diesel  Engines  (6  eacbO  . 

(2)  GM  6-71  in-line  Diesel  Engines .  ,  .  ^ 
(6  each).               •                          ^            -  . 

3.  Materials  (consumable).  *•  '  , 

a.    Cleaning  solvent.  '  .  ' 

b-    paesel  fuel. 

4 

c.    Diesel  etigine  oil.  .  . 

^    d»    Wiping  rags. 
Training  Aids  and  Devices: 
1.    Film  slides. 

a.  .Slide  series:    GM  71  Series  Diesel 

Engine  Construction*  ^  . 

2*    Locally  Prepared  Material:  •    ,      ,  '  ' 

a.    Job  Sheet.  .  -  , 

(1)    CM  "A'*  JS  2.3.1.1,  "Maintenance  of  -  ^ 

General  Motors  Diesel  Engines". 

A'' 

3.  Devices. 

a.  GM  3-71  Diesel  Engine  (cutaway). 

b.  i)isassembled  roots-type  blower  mounted  ,  ■  \ 
^                                                                 (2  of  37)  . 


GM  Unit  Injector  (cutaway) 
Training  Aids  Equipment: 
1.    35min  slide  projector. 
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^UTLIHE  OF  IHSTRPCTION 
I,    Introduction  to  the  lesson. 

A.  Establish  contact. 

1,  Name: 

2,  Topic:    General  Motors  Die^sel  Engine 
Operation. 

B.  '  Establish  readiness. 

1,  Purpose. 

2.  Assignment. 

C.  Establish  effect. 
1,  Value. 

a.  Pass  course. 

b.  Perform  better  on  the  job. 

c.  Get  advanced. 

d.  Be  a  better  Construction  Mechanic. 

D.  Overview: 

1.  We  will  study  one  of  the  two-stroke 
cyclesdiesel  engines  used  in  heavy 
(equipment  today. 

2.  This  engine  has  a  unique  fuel' system, 
however  it  is  basically  the  same  as  the 
two'  systems  we  have  studied  before. 


INSTRUCTOR  ACTIVITY 


I. A.     Introduce  self  and  topic, 


CM  "A"  ig  2.  r.i 

STUDENT  ACTIVITY 


I.B.    Motivate  student. 

I.e.  Bring  out  need  and  value  - 
of  material  being  presented. 


I.d/  State  learning  objectives, 
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QCTIDtE  0:  INSTRUCTION 


We  will  learn  that  there. are  no  intake 
valves  in  this  engine,  and  tfiat  there 
are  two  or* four  exhaust  valves  per^ 
cylinder.    You  will  also  learn  Why' this 
is  so,  and  the  next  week  in  this  phase 
you  will  put  this  knowledge  to  prac-  * 
tical  use  in  the  field  and  shop. 


II,  Presentation. 


ERLC 


Pescription  of  "General  Motors  diesel  engine. 

1.  ^o-stroke  \:ycle. 

a/  One  power  stroke  per  cylinder  for 
every  revolution  of  crankshaft. 

b.  Two-stroke  cycle  is 'less  economical 
to  operate,  bpt;  takes  up  less  space. 

c.  PrQduces  70  to  80%  more  power'  than  - 
a  four-stroke  cycle  engine  of  • 
equal  bore  ai)d  stroke, 

2.  Cylinder  block  arrangements, 
a,    V  blocks. 

^/  In-line  blocks. 

(1)    Only  71  series  to  be  studied, 

3.  Engine  classification  (71  series', 
in-line) . 

a.    GM  Diesel  1-71,  i-71,  3-71,  4-71 
aTid  6-71.  ' 


INSTRUCTOR  ACTIVITY 

I.D.3.  Pass  out  necessary  books 
and  job  sheet. 


CM  "A"  IG  l.i.l 
STUDENT  ACTIVITY 


.V- 

II.A.l.b.  Eicplain  two-strpke 
cycle  principle  operation. 


II'Ja,2.    Use  slides^  as  neces-' 
sary.to  show  and  explain  ppej:- 
ation  of  GM  71  series  diesel 
engine. 


II, A. 2,  Take  random 
, xiot.as.  as  needed.  , 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTI\ ITY 

(1)  First  digit  indicates  number  of 
cylinders •  ^ 

(2)  Second  and  thljd  digits  indicate  ,  * 
"  cubic  inch  displacement  per 

cylinder. 


b.    Bore  and  stroke. 

0 

(1)    4  1/4"  bore,  5"  stroke. 


A.    Engine  classification  ("V  l\  serieffV 
engines)'*'''"^ 

a.    GM  Diesel  6V-71,  8V-71,  12V-71  and 
16V-71. 

(1)    First  digit  indicates  number 
of  cylinders.  '  ^ 


(2)    Second  digit  ind^ates  "V 
block' arrangement . 
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(3)    Third,  and  fourth  digits  indicate 
cubic  inch  displacTement  per  ^ 
cylinder,     ,      •  ^  • 

'  ^fi'  .  '  *^ 

b.  ,  Bore  and  stroke. 

(1)    4  1/4'Vbore,  5"  stroke  (same 

on  all  ^71"  series  engines) .     ^  ^ 

B.    I^rinciples  of  operation* 

1.    Compression  atroke.  i.        ^  " 

a.    Every  up-stroke  of  piston.  * 

i»(6of-37)     ■  •     *        ,  68b 


OUTLINE  OF  IMSTRUCTION 


b.    Air-blown  in  on  bottom  of  stroke. 

2.  Power  stroke. 

a.  Every  down-stroke  of  piston. 

b.  Exhaust  occurs  near  bottom  dead 
center. 

3.  Intake  and  exhaust  strokes  for  four- 
stroke  system  elimln9ted« 

4.  A  roots-type  blower  supplies  air  to  ' 
the  Qylinder  for  scavenging^  and 
charging  the  cylinder  with  fresh  air. 

a.  The  blower  Is  driven  b/'the 
engine  gear  train  and  turns  at 
approximately  2  to  1  ratio  of 
crankshaft  rotation. 

b.  Has  2  rotors  with  3  inter- 
meshing  lobes. 


(1)    Spiral  cut  produces  even 

air  flow  and  reduces  noiise. 

/' 

c.  Traps  air  between  rotors  and 
housing  and  forces  it  into  the 
air  box. 

(1)  .Produces  approximately  7  PSI 
at  maximum  RPM. 

r 

d.  Provides  drive  for  various  acces- 
sories. 
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INSTRUCTOR  ACTIVITY 


CM  "A" 
STUDENT 


IG  2.J.1 
ACTIVITY 


II.B.4.    Use  board  mounted 
exploded  view  of  disassembled 
biower  to  ^how  and  explain 
operation  of  roots-type  blower. 
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bCTLISE  OF  IHSTRPCnON  ^ 

^  (1)    In-line  engines, 


(2) 


(a)  Fuel  transfer  pump. 

(b)  Governor . 

(c)  Water  pump. 
"V"  engines. 

(a)  Fuel  transfer  pump. 

(b)  Governor. 


5.    Air  box. 


683 


a.  Is  cast  into  the  engine  block  and 
inter^connects  all  cylinders  and 
receives  air  from>lower. 

b.  Air  box  drains. 

(1)  Lowest  points  in  the  air  box. 

(2)  Vents^air  box  contaminents  to 
atmosphere. 

c.  Air  pressure  in  box  is  from  2-5  PSI. 
Inl^t  ports. 

a  •  ^  Located  in  t>te  lower  end  pf  each 
'    cylinder  liner. 

bw   Allow  air  to  pass  from  air  box  to 
cylinders  when  uncovered  by  piston. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.3.1 
STUDENT  ACTIVITY 


II. B. 5.  Use  cutaway  engine  to 
show  engine  construction. 
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ntlTLIHE  OF  INSTRUCTIOH  '  IMSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

c.  One  row  of  large  round  holes  ("V" 
engines) . 

d.  Three  different  designs  (in-line 
engines) 

{1)    Two  rows  t>f  small  round  holes  ♦ 

(2)    On^  row  of  large  round  holes. 

.  (3)    One  row  of  figure  eight  holes. 

(a)    All  liners  interchangeable 
in  any  71  series  engine. 

7.  Exhaust  valves. 

a.  Two  exhaust  valves  per  cylinder 
(in-line  engine) . 

b.  Two  or  four  valves  per  cylinder  . 
y  depending  upon  engine  application 

C'V"  engines). 

c.  Overhead  arrangement.  ^ 
(1)    Rocker  arm  and  push  rod  actuated. 

8.  Scavenging  (unif low) . 

a.    Pressurized  air  clears  cylinder  of 
'exhaust  gases  and  charges  cylinder 
with  fresh  air.  - 

(1)    Exhaust  valves  and  intake  ports  "  > 

must  be  opened  to  accomplish 
scavenging. 
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Oim.lNE  OF  IHSTRUCTION 

<        '■  . 

9.    Compression  stroke. 


ERIC 


a.  Compression  starts,  when  exhaust  ^ 
valves  close,  at  approximately  55 
after  bottom  dead  center. 

b.  The  exhaust  valves  close  after  the 
inlet  ports  are  covered,  this^ 
engine  .is  not  "isupercharged". 

c.  Compression  ratio  of  this  engine  is 
•    about  17  to  1.      '  / 


10.    Injection  bf  fuel. 


Fuel  is  injected,  just  priori  to  the 
top  of  piston  travel,  directly^iito 
the  combustion  chamber.    _  \ 


INSTRUCTOR  ACTIVITY 


11. 


CM  '^A"  IG  2,Ja 
STUDENT  ACTIVITY 


(1)  ^Therefore  employs  anW^^ 
bustion  chamber. 

b.  anploys  a  multiple  or f ice  sttray  tip, 
tor  better  atomization.  \ 

c.  Accomplished  by  a  unit-type  i^jfector, 
Power  stroke.  '  \ 

a.  The  burning  fuel  forces  the^stion 
down  thereby  creating  the  power  stroke. 

b. ^    The 'exhaust  valves  oiJen  as  the  piVon 

is  about  halfway  down,  thus  ending 
the  power  sttoke. 
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OCTLIHE  OF  INSTRUCTION 

12.  Ratio  between  camshaft  and  crankshaft, 
a.    1  to  1. 

13.  No  ''buddy  thirows", 

>  a.    Creates  a  minor  problem  of  finding 

engine  positions, 

(i)    For  valve  adjustment  and 
injector  timing. 

14.  Purpose  of  balance  shaft. 

J 

a.  Timed  to  engine  gear  tram. 

b.  Eliminates  excessive  engine 
vibration. 

(1)    Caused  by  high  engine  RPM. 

C.    Pre-start  check,  starting,  operating  and 
securing  71  series  GM  diefiel  engines. 

i.    Pre-start  checks. 

a.  Lubricating  oil. 

(1)  Dip  stick  markings.  -  *'full*'. 

(2)  Must  be  checked  with  engine 
stopped. 

b.  Diesel  fuel. 

(1)    Check  level  and  fill  with 
proper  grad^  of  fuel  oil. 


INSTRUCTOR  ACTIVITY 


CM  ''A"  IG  2.  j.l 
STUDENT  ACTIVITY 


II.B.13.    Emphasize  and  discuss. 


II.B.13.  Participate 
in  class  discussion. 


II .C.    Take  class  to  shop  and 
demonstrate  procedures  for 
pre-start  checking,  starting, 
operating  and  securing  GM  71 
series  diesel  engine. 
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II. C.  Observe  demonstrat- 
ion and  take  notes. 
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(2)    Be  sure  shut-off  valves  are 
open  from  tank  to  engine'. 

c.    Coolant •  • 


(1)    Check  level  and  fill. 


(2)  Radiators  filled  with  anti- 
freeze, room  should  be  left 
for  expansion. 

d.    Position  throttle. 
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(1)  Closed. 

e.    Emergency  shut-down  valve. 

(1)    Make  sure  cable  is  pushed  ail 
the  way  in, 

(a)    Pull  out^  f  or  emergency 
shut-down  on]f/. 


f .    Check  exposed  moving  parts  to  see 
that  they  are  free  from  obstructi 


(1)  An  engine  that  has  not  been  in 
operation  should  be  jacked 
thru  one  complete  turn  before 
starting  to  make  sure  all  engine 
parts  are  free. 

(2)  Observe  all  safety  precautions 
for  engines  used  in  different  ^ 
applications. 
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OUTLINE  OF  INSTRUCTION  ^ 
2*    Starting  the  engine. 

a.    Warm  weather  starting. 


INStRl)CTOR'  ACTIVITY 
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(1)    Push  engine  shut-down  cable  In. 

^(2)    Turn  Ignition  switch  to  •'ON" 
position  (If  equipped). 

(3)  Set  the  throttle  In  the  Idle 
position 

(4)  Push  starter  switch  until 
engine  s4;#rts. 

(a)    Never  operate  starter  for 
more  than  30  seconds 
at  one  time. 

Cold  weather. 

.(1)    If  an  eth6r  starting  aid  Is 
Installed  on  this  unit.  It 
Is  a  pressure-capsule  type. 

(a)  ^Operation. 

1.    Remove  ^ap. 

2>    Insert  capsule  In 
container. 


3.    Pull  piercing  shaft  all 
the  way  out. 
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4.    Tighten  cap  on  container. 

4 
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5>    Push  piercing  shaft  all 
the  way  down, 

a.  Rupture  capsule. 

b.  Fills  container  with 
starting  fluid. 

6.  Move  engine  t^hrottle  to 
maximum  speed  position, 

7 .  Pump  ether  into  air 
intake,  at  the  same  time 
press  starting  switch. 

8>  When  engine  starts,  push 
pump  plunger  all  the  way 
in  until  it  locks. 

9.    Remc^e  capsule  from 
container. 

to.    Failure  to  start. 

a.    If  engine  does  not 
start  after  several 
trys,  troubleshoot 
to  determine  cause. 

(2)    Air  heater. 

(a)    Operate,  the  heater  pump, 

press  the  heater  switch  and 
starter  switch  at  the  same 
time. 


(b)    Small  amount  of  fuel  will  ^  ^ 

 ^  .  ^  ^   bum--itt-^a±1^  box-heatings   ;  ^  ^  rUxT  

the  intake  air. 
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OUTLIHE  OF  INSTRUCTION  '    ^INSTRUCTOR  AOtlVITY  STUDENT  ACTIVITY 

3.    Operating  the  engine. 

a.    As  soon  as  engine  starts,  observe  *■  . 
engine  oil  pressure  gauge. 

(1)    If  no  pressure  within  10-15 
seconds,  stop  engine. 


(2)    Normal  pressure  reading  is 
between  30-60  PSI, 

b.  Run  engine  at  partia1r--throttle  and 
no  load  for  approxiaately  5  minutes 
to  allow  engine  to  wanil  up. 

c.  As  temperature  increases,  apply 
light  load. 

*d.    Never  apply  full  load  until  engine 

is  up  to  normal  operating  temperature. 

(1)    Normal^ (Operating  temperature  is  ' 
from  160°  to  iSSOp. 

e.    Unnecessary  idling.  t 

(1)  Long  periods  of  idling  will 
lower  coolant  temperatures  as 
there  is  incomplete  combustion 
of  fuel. 

(2)  This  unburned  fuel  causes  crank- 
case  dilution,  lacquer  and 
gummy  deposits  on  valves  and 
piston  rings,  also  poor  fuel 
economy.  , 
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OUTLINE  OF  IMSTRUCTION 


4.    Securing  the  engine. 
a«    Disengage  load. 

b.  Reduce  engine  speed. 

^^l)_.JUJLptt^englne  to  run  at  half 
speed  or  lower  for  4  to  5 
minutes  or  until  temperature 
gauge  is  on  lover  side  of 
operating  range. 

(2)    Provides  sufficient"  lubricant , 
water  and  air  for  uniform 
cooling. 

c.  Pull  engine  shut-down  cable  control. 

(1)    This  places  fuel-control  rack 
Ih  the  no  fuel  position. 

d.  When  engine  stops,  turn  ignition 
switch  to  "OFF"  position  (if  - 
equipped) . 

(1)    If  switch  is  left  on,  there  is 
a  constant  drain  on  the 
battery  by  the  instrument 
panel  indicators. 
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e.    Emergency  shut  down. 

(1)    If  normal  shut  down  procedures 
fail,  pull  emergency  stop 
cohtrol  out  as  far  as  it  will 


INSTRUCTOR  ACTIVITY    *  ' 

II. C. 4.  Direct  and  supelrvise 
student  practice  in  operation 
of  GM  71  series" diesel  engines. 


CM  "A"  IG  Z.3.1 
STUDENT  ACTIVITY 

II. C. 4.    Practice  oper- 
ation of  GM  71  series 
diesel  engines  following 
job  sheet  procedures. 
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(2)  This  stop  guts  off  combustion 
air  from  blower. 

(3)  If  emergency  stop  ^  used,'  it 
must  be  reset  manually ,  at 
blowe^,  before  restarting 
engine • 

• 

NOTE:    This  device  to  be  used  only 
for  emergency  shut  down. 

D.    Fuel  system  (construction  and  function). 

r.    Type  of  fuel  system. 

a.    Solid  or  mechanical. 

(1)    Unit  injector. 

(a)  '  Accomplishes  all  five 
required  functions,  * 

2.    Flow  of  fu^l.  ^ 

a.  Tank. 

(1)    Primary  fuel  supply  source » 

b*    Check  valve. 

(1)    Prevents  drain  back  of  system 
to  tank. 
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c.    Fuel  strainer  or  primary  filter.  • 

(1)    Some  applications  employ  a 
cleanable  strainer. 


CM  "A"  IG  2,3.1 
STUDENT  ACTIVITY 


lI.D.    j(Jse" slide  series  to 
show  c6nstruction  of  fuel  system. 
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OCTLIKE  OF  IHSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(2)  Other  applications  employ  a 
replsfceable  filter  element  • 

(3)  This  strainer  or  filter  becomes 
the  first  stage  of  cleaning 
tlie  fuel  in  this  system. 

d.  Fuel  transfer  pump* 
(1)  Type. 

(a)    Gear . 

Positive  displacement 
pump* 

e.  Secondary  filter. 

(1)  Located  on  discharge  side  of 
transfer  pump* 

(2)  Contains  a  replaceable  element. 

(3)  This  is  the  second  stage  of 
cleaning, the  fuel. 

£.    Inlet  passage  of  (manifold  lower). 

(1)  Cast  into  cylinder  head  on  "V" 
and  iater  in-line  engines. 

(2)  Earlier  in-line  engines,  manifold  ^ 
is  bolted  to  cylinder  head.  ^ 

g.    Inlet  pipes  (jumper  lines).  II*D.2.g*    Utilize  cutaway 

injector  to  show  construction. 


for 
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STUDENT  ACTIVITY* 


(1)    Connect  inlet  manifold  to  each 
inj ector • 

h.    Injector  (high-valve  type)  and 
(needle-valve  type) . 

(1)  Fitted  into  a  water-cooled 
copper  tube  in  the  cylinder  head. 

'  •    .  ' 
(a)    Tube  is  flared  to  seal  in 

head  and  then  reamed  for 
^        proper  fit  of  injector. 

(2)  Injector  mechanically  operated 
by  push  rod  and  rocker  arm  ttom 
engine  camshaft*. 

> 

,  i.    Outlet  pipes.       ^  ^  ..^^ 

(1)^  Connects  the  injector  to  outlet 
passage  or  manifold. 

' j .    Outlet  passage  or  (manifold  upper) . 

(1)  Directs  recirculating  fuel  to 
restricted  fitting. 

{qlY  Return  flow  removes  air, 

and  helps "cool  the  injector. 

(2)  Cast  into  cylinder  head  on* "V" 
*  and  later  in-line  engines. 

,  (3)    Earlier  in-line  engines, 

'manifold"l5*' bolted  to  cylinder  " 
**-head.  ' 
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Restricted  fitting. 


INSTRUCTOR  ACTIVITY 


IG  2.3.1 
STUDENT  ACTIVITY 


(1)  Located  at  after  end  of  outlet 
passage  or  outlet  manifold. 

(2)  Restricts  flow  oJt-xetum  fuel. 

(a).   Assists  in  maintaining 
fuel  pressure. 


 15) — "T"  fitting  on  "V-  engines, 

90°  Ell  on  in-line  engines, 

(4)    Fuel  passing  through  the 
fitting  is  returned  to  the 
tank. 

Functions  and  operation  of  the  injector, 
^'^l.    Functions.  K 

a.  Times  fuel  injection. 

(1)    Reciprocating  movement  of 
^  plunger  controls  timing « 

(aX-^"  Rotary  movement  has  a 
^         slight  effect  ofi  timing 
because  of  upper  helix. 

♦  "  *  ♦ 

b.  '  Meters  fuel. 

(1)    Rotary  movement  of  plunger 
controls  metering. 

(a)    Changing  effect  stroke. 


E. 


lI.E.l.    Use  slides  to  show 
operation  and  construction 
of  unit^  injector. 


lI.E.l.    View  slides 
and  participate  in 
discussion^ 
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INSTRUCTOR  ACTIVITY 


(b)    No  fuel  to  full  fuel 
position, 

c.    Create  injection  pressure', 

(1)    Reciprocating,  movement  of^ 
plunger  controls  this, 

(a)    During  effective  stroke, 

-^U — Injects  fuftl,  


4t7 
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*      (1)    Spray  tip  valve  spring  controls 
prefssure  at  which  fuel  will  be 
injected, 

e.    Atomizes  fuel, 

(1)    High  pressure  fuel  forced 
thru  tiny  orifices  cause 
good  atomization* 

f •    Continuous  bypass  of  fuel  back  to  tank, 

(1)  Cools  injector, 

(2)  Eliminates  air  in  fuel  system. 
Operation 

a.  Charging, 

(1)    Plunger  rettacted  -  both  ports 
uncovered , 

(a)    Fuel  fills  bushing. 


Hi 
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STUDENT  ACTIVITY 


(2)    Lower  port  covered  by  bottom 
of  plunger. 

(a)    Trapped  fuel  escapes  through 
central  passage,  metering 
recess  and  upper  port. 

c .    Pumping  phase  (high  valve) . 

 (i) — BiSth  ports  covered  by  plunger,  
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(a)  Upper  helix  covers  upper 
port.  ^  ' 

(b)  Trapped  fuel  forced  past 
injector  valve. 

(c)  Fuel  forced  through  small 
orifices  in.  spray  tip.' 

(2)    Determines  timing  of  injection. 

(a)    Variable  beginning. 

d.    Pump  phase  (needle  valve). 

(1)    Both  ports  covered  by  plunger. 

Ik  • 

(a)  Upper  helix  covers  upper 
port. 

(b)  Fuel  pressure  opens  ch§ck 
valve. 

(c)  Fuel  in  check  valve  cage, 
spring  cage  passages,  tip 
passages  and  tip  fuel  cavity 
is  placed  under  sufficient 
pressure  to  open  needle 
valve . 

^  .  ^  -  (22  of  37y 
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STUDENT  ACTIVITY 

« 

f 

(d)    As  soon  asneedle  valve 
^             opens,  fuel  is  forced 

through  small  orifices  in 
spray  tip  in  a  highly 
atomized  spray. 

e.    Over-traVel  phase. 

•            (1)    Lower  port  uncovered  by  lower  * 
helix  -  pressure  relieved. 

(2)    Ending  may  be  constant  or 
f  variable.' 

> 

f.  Metering. 

f 

t 

(1)  No-fuel  -  rack  all  the  w£ty  out. 

(a)    Cut  in  lower  heJix  uncovers 
lower  port  before  upper 
helix  covers  upper  port. 

(2)  Idle  to  full  fuel  -  plunger 
rotated  by  rack  to  meet  engine 
requirements. 

(a)    The  longer  ports  are  , 

covered  (effective  stroke) 
/-                     the  more  fuel  in  injected. 

(b)    Maximum  output  of  injector 
determiiied  by  cut  of  helixes 
(not  plunger  diameter). 

3.    Identification  of  injector  (high  value). 

a.    Size  of  injeqjtor  indicate  by 
metal  tag. 

II. E. 3.    Show  students  injectors 
with  Various  identification 
marks  -  pass  injectors  among 
clasis  members  J 

II. E. 3.    Examine  injec- 
tors and  participate 
in  (discussion. 

ERLC- 

719  ,                                          •  (23 

1? 

of  37) 

720    •  ' 

r 


OUTLINE  OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.J,1 
STUDENT  ACTIVITY 


(1) 

HV 

5    orange  tag  on  body. 

(2) 

HV 

6  blue  tag  on  body. 

(3) 

HV 

7  black  tag  on  body. 

HV 

8  green  tag  on  body. 

(5) 

HV 

9  yellow  tag  on  body. 

ERIC 


F',    Cooling  system  (flow)  • 

JL.    Radiator  lower  tank.  _ 

a.    Water  at  this  point  should  be 
coolest-  In  the  system. 


Oil  cooler. 


a.  Water  flows  first  to  the  oil 
*  ^oler  after  leaving  the  lower 

tank  (In-line  engines) • 

'9 

i- 

(1)    Water*  drawn  from  lower  portion 
,  of  radiator  by  water  pump 
and  forced  through  oil  cooler 
?    ("V"  engines).  -      ^^'^  - 

b.  Water  enters  bottom  of  oil  cqoier 
housing. 

i      ^  * 

c.  Passes  up  and  around  the  oil  tubes 
. In  the  cooler . 

d.  Out  the  top  of  the  oil  cooler 
housing. 


II. F. 2.    Point  out  to  class 
cooling  system  components 
on  cutaway  engln^. 


II. F. 2.    Follow  Instruc- 
tor discussion  and 
observe  cutaway  engine 
components. 
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3.    Water  pump. 
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4.    Cylinder  block.  * 

S«    Water  director  nozzles. 

a.    Water  nozzles  are  used  to  direct 
the  water  to  the  valves,  valve 
g^uides  and  exhaust  ports. 

 (i) — Two-doubls-jQt-nozgles  are 


located  between  each  pair  of 
cylinders. 

(2)    Two  single-jet  nozzles  are 
installed  at  each  end  of  the 
cylinder  head. 


6.  Cylinder  head. 

a.  Water  flows  through  connecting  ^ 
passages  between  the  block  and  head. 

b.  Cools  injectors. 

(1)    Injectors  are  installed  in  a  • 
thin-walled  copper  tube  passing 
through  the  water  space  in  the 
cylinder  'head. 

c.  Dissipates  heat  away  from  the 
combustion  chambers. 

7.  Water  manifold. 

a.  Water  flo\^  through  openings  directly 
over  the  exhaust  ports  into  the  water 
manifold.     (In-line  engines). 
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INSTRUCTOR  ACTIVITY 


b.    Hot  water  ret;ums  to  the  top  of  the 
radiator.  - 

€•    Vent  valve  (in-line  engines). 

(1)    Located  in  forward  end  of  water 
manifold'.  « 

, (2)    Used  to  vent  cooling  system  of 
 alr..«hich  vlll,  c^ug^  hot  spots. 


CM, "A"  IG  2.JL1 
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Thermostat.  \ 

^  a'.  .  Located  in  fiw^it^BadyOf  the  water 
manifold  (in-line  engines) . 

\V)    Thermostat  housing  c^^nnected  to  ■ 
,       the  .front  of  the  cylinder  head 
on  6  "V"  an* ^8  "V"  ^engines, 

c.  Alternate  path  during  "warm  up"  (in-  ^ 
line  engines)^. 

(1)  By-pass  tube, 

(2)  Water*  pump. 

(3)  Cylinder  block. 
(A)  Cylinder  head. 
(5)  Water  manifold.  >i 

d.  ^temate  path  during  "warm  up" 
(6  "V"  and  8  "V"  engines).  " 

(1)  s  By-pass  tube. 
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.  (2)    Water  pump. 
^  (3)    Oil  cooler. 

(4)  Cylinder  block* 

(5)  Cylinder  head. 

(6)  Thermostat  housing, 
idiat^  upper  tank* 


9, 


a. ^   Hot/ water  passes  through  the 

th/rmostat  housing  into  the  upper 
tank  under  a  baffle  plate. 

(1)    Baffle  plate  preyjents  loss  of 
water . 

b.  A  seamless  copper  overflow  tube  is 
located  in  the  upper  tank. 

(1)    The  tube  selves  as  an  overflow 
for  excess  water  above  the 
^  baffle  plate. 


\q.  Core. 
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11.  Radiatot  fan  and  fan  bracket. 

a.  Fan  may  be  either  pusher  or  puller  ^ 
type. 

b.  BracketNis  adjustable  to  change  : 
belt  tension. 

% 

12.  Fan  belts. 
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a.    Usually  two  are  used. 

J>.    ^Proper  adjustment  is  important  to 
efficient  cooling. 

G.    Lubrifcating  system  (flow). 

1.  Oil  paa  (sump). 

2.  Oil  pump. 

a.  Type. 

(1)    Gear,  positive  displacement. 

b.  Type  of  mounting. 

(1)  Mounted  on  No.  1  and  No.  2 
main  bearing  caps  (in-line 
engi^nes) . 

(2)  Mounted  in  crankshaft  front 
cover  (6  "V"  and  8  "V"  engines)  . 


INSTRUCTOR  ACTIVITY 


II. G.    Point  out  to  class  main 
components  of  lubricating 
system  using  cutaway  engine. 
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(a)    Cover  also  .functions  as 
the  oil  pump  body. 

c.    Method  of  driving  oij.  pump. 

(1)  Gear  driven  from  the  crankshaft 
(in-line  engines) . 

(2)  Pump  drivp  gear  splined  to  a 
pump  drive  "hub  on  the  front  end 
of  the  crankshaft  (6  "V"  and 
8  "V"  engines). 


CM  "A"  IG  2.J.1 
STUDENT  ACTIVITY 


II. G.    Observe  cutaway 
and  participate  in  dis- 
cussion. 
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d.  Pressure  relief  valve  (in-line  >- 
•engines)  • 

(1)  Located  in  the  oil  pump  body. 

(2)  Valve  opening  pressure,  ICQ  PSI. 

(3)  By-Masses  excess  oil  from  the 
discharge  to  the  intake  side 
of  the  pump. 

e.  Pressure  relief  valve  (6  •^V"  and 
8  'V'  engines).    -  , 

(1)  Mounted  on  the  cylinder  block. 

(2)  Discharges  excess  oil  directly  \^ 

to  thfe  oil  sump.  ^  v. 

(3)  Valve  opening  pressure  100  PSI. 

f.  Direction  of  rotation  (in-line 
engines) . 

(1)  Can  be  changed  for  eithersa 
right  or  left  hand  rotation 
engine. 

(2)  On  the  six  (6)  cylinder  engines, 

change  the  position  of  the  .  - 

valve. 

(3)  On  the  three  (3)  and  four  (4)  ,  . 
cylinder  engines,  change  the 

position  of  the  valve  and  invert 

the  pump  cover.  ,  , 
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3.    Oil  filter, 
a.  Type. 

. (1)  By-pass. 
(2)  Full-flow. 


(a)    Both  use  replaceable 
elements . 


INSTRUCTOR  ACTIVITY 
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Location. 

(1)  In-line  engines  (full-flow  ^ 
type) . 

(a)  Bolted  to  the  lubricating 
oil  cooler  adaptor. 

(b)  100%  ofv  the  oil  passes 
through  t^e  filter  before 
going  through  the  oil  cboler. 

(c)  By-pafis  valve  located  in  the 
oil  cooler  adaptor  will  by- 
pass the  oil  to  the  engine  ^ 
oil  cooler  in  case  the  filter 
is  clogged. 

(2)  In-line  engines  (by-pass  type) • 

(a)  Bolted  to  side  of  engine 
block. 

(b)  A  portion  of  the  lubricating 
oil  is  continually  by-passed ^ 
through  the  filter. 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


(c)    Filtered  oil  is  returned 
to  the  oil  pan. 

(3)    6  "V"  engines  (full'-f low)  . 

(a)  Equipped  with  single  filter. 

(b)  Mounted. 

1>    Directly  to  oil  cooler 
adaptor. 

2>    Remotely  mounted  on  the  • 
oil  cooler  cover  or 
water  pump  housing  and 
connected  by  flexible 
hoses  to  an  adaptor 
or  filter  junction. 

* 

3.    By-pass  valve  located 
in  oil  filter  adaptor 
or  in  the  case  of 
remotely  mounted  filters, 
in  the  filter  adaptor 
of  filter  junction. 

4.    Oil  cooler. 

a .  Type . 

(1)    Harrison  bellows  type. 

b.  Location. 

(1)    On  blower  side  of  the  engine 
,         (in-line  engines) . 
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INSTRUCTOR  ACTIVITY  *         STUDENT  ACTIVITY 

(a)    Mounted  on  the  right-hand 
side  of  cylinder  block  at 
the  lowest  front  corner 
(6  'V"  engines) • 

.  ,  (b)    Bolted  to  the  oil  cooler 

adaptor  plate, 

(2)    lOOZ  of  the  oil  passes  through  . 
the  oil  cooler  before  going 
to  the  engine. 

(a)    By-pass  valve  located  in  "  • 

the  6il  cooler  adaptor  *  ^ 

pirate  will  by-pass  the  oil  • 
to  the  engine  in  case  the  , 
oil  cooler  is  clogged • 

(t)    By-pass  valve  opens  at  40 
PSI. 

(c;    Oil  in  the  radiator  will 

usually  Indicate  a  faulty  ^  . 

oil  cooler.  * 

5.    Oil  pressure  regulator. 

a.    In-lihe  engines. 

(1)  Located  at  the  end  of  the  vertical 
passage  leading  to  the  main 
horizontal  oil  gallery. 

(2)  Opens  at  approximately  45  PSI. 

(a)    By-passes  oil  to  engine 
crankcase. 
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INSTRUCTOR  ACTIVITY 


b.    6  "V**  engines. 

(1)    Located  at  the  end  of  a 

vertical  oil  gallery.  Located 
at  the  front  of  the  cylinder 
block  on  the  side  opposite  the 
cooler. 

(^)    Opens  at  approximately  50  PSI. 

(3)    Discharges  excess  oil  back  into  « 
the  sump. 

o.    Oil  pressure  gauge. 

a.    Indicates  oil  pressure  in  main  oil 
gallery. 

7.    Main  pil  gallery. 

a.  Location. 

(1)  In-lin§  engines. 

(a)    Blowei;,  side  of  the  engine, 
running  the  full  length 
of  the  engine  block. 

(2)  6  "V"  engines. 

(a)    Middle  of  the  engine  block. 

b.  Distributes  oil  to. 
(1)    Main  bearings. 
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(2)  Crankshaft.  '  * 

(3)  Connecting  rod  bearings.  . 
(A)    Connecting  rods. 

(5)    Wrist  pins.  ... 

-  *  (6)    Sprays  and  cools  the  underside 

^  of  the  piston  crown. 

(a)    Return  of  oil  to  sump  by  ' 
gravity. 

(7)  Vertical  and  transverse  passage- 
-ways *     (In-line  engines.)    -  . 

(a)  Directs  oil  to  cam  and 

balance  shaft  and  bearings.  ,^ 

(b)  Cam  intermediate  bearings 
lubricated  by  a  drilled 

^    '  camshaft  and  fe^  from  / 

end  bearings.  *  . 

(c)  Passages  extend  to  cylinder 

head  to  supply  secondary  ,  *  / 

oil  gallery. 

(8)  Diagonally  drilled  oil  passages 

^   ^         -    -   r     -    -    "        ar  the-^ear  of  t^ae  block  (6  '^V" ^       '  ^     .  ,  ^ 

'   /  engines) .  ' 

^  (a)    Carry  oil  to  the  two  rear 

'  camshaft  eild  bearings.  <^ 
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CM  "A"  IG  2  )a 
STUDENT  ACTIVITY 


(b)    Oil  flows  through  rifle 
drilled  camshaft  to 
intermediate  and  front- 
end  bearings. 


(c)    Oil  from  camshaft  inter-  ^ 
mediate  bearings  is 
^  directed  against  the 

.camshaft  lobes  and  cam 
•  rollers  which  run  in  an  * 
oil  bath* 

(9)  I  Secondary  o*il  gallery  (in 

t  cylinder,  head) .  &  ^ 


(a)    In-line  engine. 

1-.    Located  on  camshaft 
side  of  engine. 

2.    Send  lubric4ting  oil 
to  following  areas: 

a.  Rocker  arm 
assemblies* 

U)  Through 
drille.d 
rocker  arm 
support  bolts* 

b.  Cam  followers 

and  camshaft  lobes* 

c^    Camshaft  pockets. 

d.    Blower  upper 
pockets. 
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OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

•'e.    Governor  driver 

assembJy  and  vnr.er 

pump  drive  (front).  ^ 

f .    Blower  drive  gears, 
(rear) . 

Gravity  to  sump.  <« 

(b)    6  '^'^  engines.  • 

1 >    Located  on  camshaft 
side  of  each  cylinder 

head.  .  - 

2.    Sends  lubricating  oil 
to  following  areas: 

^  £^   Rocker  arm  assemblies.  * 

U)    Oil  flows  thru 

the  lower  end    ^  * 
of  the  rocker 
arm  shaft  bolts 

and  rocker  arm  ^ 
' shaft  brackets. 

b .    Exhaust  valves. 

f  '  i  fqllowers.  / 

(10)  Blower  drive  gear, 
(a)    Bearing  pressure  lubricated. 

* 

(11)  Gear  train.  -         ,  . 
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OUTLINE  OF  INSTRUCTION 

111.  Application. 

A*    Criterion  Test/    Pre-start  check,  starts 
run,  and  secure  GM  71  series  diesel  engine 
while  monitoring  the  instrument,  and 
interpreting  .readings  to  (}etenaine  nbrmal 
or  abnormal  function  of  engine  systems  as 
related  to  the  two-stroke  cycle  principle 
of  operation.    All  tasks  will  be  in  accord- 
ance with^manufacturer *s  specifications 
without  error  as  outlined  in  the  job  sheet. 


IV.  iSummary. 


A.  Description  of  General  Motors  diesel  engine. 

a.  Two-stroke  cycle  operating  principle. 

O.  Pre-start  check,  starting,  operating  and 
securing  71  series  GM  diesel  engines.  , 

D.  Fuel  system  (construction  and  function). 

E.  Flow  bf  fuel. 

F.  Cooling  system  (flow). 

G.  Lubricating  system  (flow). 


V.^  Test; 


INSTRUCTOR  ACTIVITY 


III .A.    Direct,  supervise  and 
evaluate  performance  in  start- 
ing, operating  and  securing 
GM  71  series  diesel  engine 
while  monitoring  instruments 
and  interpreting  readings  to 
determine  normal  or  abnormal 
function.    All  performance  in 
accordance  with  manufacturer's 
specifications  without  error. 


IV. G.  Recap  high  points  of 
lesson. 
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III .A.    Starti  operate 
and  secure  GM  71  series 
diesel. engine  while  ^ 
conforming  to  manufactur- 
er's specifications, 
without  error,  as  specified 
ia  Job  Sheet  CM  "A"  JS  ' 
2.3.1.1,  '^Maintenance  of 
General  Motors  Diesel 
Engines". 


A.    Test  it^s  from  this  topic  will  be  included 
in  the  end-of-unit'  test. 
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NAVAL  CONSTRUCTION  TRAINING  CENTER 
-PORT  HUENEME,  CALIFORNIA  93043 
CONSTRUCTION  h^CHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 


Classification:    Unclassified  ' 
Topic:    General  Motors  Diesel  Engine  Maintenance 
Average  Time 
Instructional  Materials 


Texts: 


Terminal  Objective:    Upon  completion  of  this  unit 

appropriate  handtools,"  spedial  tools  and  mat;erials. 
He  will  operate  the  engine  and  conduct  service 
procedures  to  the  fuel  System,  cooling  system, 
lubricating  system  and  Scavenging  s*tem  with  all 
tasks  conforming  without  error  to  manufacturer's 
specifications  and  recommendations  as  specified  in 
jolT  sheet  CM  "A"  JS  2.3.a.l,  "Maintenance  of  General 
Motors  Diesel  Engines".  \  > 


V-71  Engines,  Detroit  Diesel  Maintenance, 
Form,  6SE184,  Detroit  Diesel  Engine  Division 
General  Motors  Corp.,  Detroit,  Mithiean 
48228,  Sec.  14.  ^ 


\ 
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In-line  71  Engines,  Detroit  Diesel  Mainten- 
ance, Form  6SE177,  Detroit  Diesel  Engine 
Division,  General  Motors  Corp.,  Detroit 
Michigan  48228,  Sec.  14  aftd  IS. 

3.    Detroit  Diesel  Field ^Service  Date  (Military) 
Form  18SE51,  Detroit  Diesel  Engine  Division, 
General  Motors  Corp.,  petroit,  Michigan 
48228,  (portions  of  entire  manual). 

t 

B.  References:  None. 

C.  Tools,  Equipment  and  Materials: 
1.  Tools. 

a.  Diesel  engine  handtools. 

b.  GM  diesel  engine  special  tools. 


Enabling  Objectives:    Upon  compleCion  of  this  topic 
each  student  will  be  able  to  service  General  Motors 
71  series  diesel  engines  'while  using  appropriate  • 
handtools,  special  tools  and  shop  equipment.    He  will 
service  the  scavenging  system,  lubricating  system, 
cooling  system  and  fuel  systfem.    All  tasks  will  conform 
to  manufacturer's  specifications  without  deviation  as 
specified  in  the  job  sheet  CM  "A"  JS  2.3.1.1,  "Mainten- 
ance of  General  Motors  Diesel  Engines", 
s  -  '  " 

criterion:  Test:^  Service  scavenging  system,  l^ibricatirig 
system    cooling  system  and^fuel  system  of  General  Motors 
/I  series  diesel  engines  using  appropriate  handtools, 
special  tools  and  shop  equipment.    All  tasks  will 
conform  to  manufacturer's  specifications  without  error. 

Homework:  Study: 

1.  V-71  Engines,  Detroit  Diesel  Maintenance,  Sec.  14.  ' 

2.  In-line  71  Engines,  Detroit  Diesel  Maintenance, 
Sec.  14  and  15.  . 

n  of  ^7o(y  ' 


c .    Diesel  engine  shop  equipment . 

2.  Equipment, 
a.  Major. 

(1)    GM  V-6-71  diesel  engines  (6  each) . 

;  (2)    GM  6-71  In-line  diesel  engines 
(6  each) . 

3.  Materials  (consumable), 
a 4    Cleaning  solvent* 

b.  Diesel  fuel. 

c.  Diesel  engine  oil. 

d.  Wiping  rags.  ^ 

e.  ^  Fuel  filters. 
/  f.    Air  filters. 

g.    Oil  filters. 
Training  Aids  and  Devices: 

1.  Film.       '  ^  'z'     \  .^-.^-^ , 

a.    MN-422A,  "Diesel  Engine  Governors", 
Part  I,  (12  mln.). 

2.  Locally  Prepared  Materials: 
a.    Job  sheeff. 


CM  "A"  IG  2.3.2 
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(1)    CM  "A"  JS  2.3.1.1"  "Maintenance  of 
General  Motoris  Diesel  Engines".  ^ 

3.  Devices. 

,  a*    GM,  3-71  diesel  engine  (cutaway). 

b.  CM  Unit  Injector  (cutaway). 

c.  GM  Roots  type  blower  (componenfTs  mounted 
on  board) . 

Training  Aids  Equipment: 

1.    16inm  sound  projector. 
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« 

^ — ---^^  Idtrodacritfti'TOi-the^iEfsrsoTr. 

A.     Estiiblish  contact. 
I .    Name ;  , 


INSTRUCTOR  ACTIVITY' 


I. A.     Introduce  self  and  topic. 


CM  "A"  IG  2  • .2 
STUDENT  ACTIVITY 
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2.    Topic:    Genlta^al  Motors  Diesel  Engine 
Maintenance.  ^ 


B.  Establish  readiness. 
•  1.    Purpose.  / 

2.    Assignment. V 

C.  Establish  effect. 
1 ,  -  Value . 

a.    Pass  course. 


fc.  Perform  better  on  the  job. 
c.    Get  advanced. 


d.     Be  a.  better  Construction  Mechanic. 


Qverv/ew 
1 


I.B.-'  Motivate  student. 


I.e.  Bring  out  need  and  value^ 
of  material  being  presented. 


I.D.    State  learning  objectives. 


In  this  lesson  you  are  goint  Lo  put 

to  work  the  knowledge  obtained  in 

many  previous  hours  of  study. 
* 

In  effect,  you  will  practice  jobs  which  you 
will  actually-  be  called  on  td.  perform 

at  your  next  duty  station. 

r.  * 
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INSTRUCTOR  ACTIVITY 


II. 


V 


Some  ^of  Chese  Jobs, jn^y  js^em  unimpojrtant.^ 
and  trivial,  but  keep  in  mind  that 
maintenance  is  the  "ounce  of  prevention" 
t^t  is  worth  more  than  the  '"pound  of 
cure". 

•  ■ 

Suggestions  for  the  instructor: 

a-.    Ihe  student  has- performed  maintenahee 
pn  the  fuel  system,  it  Is  suggested"^ 
that  it  be  reviewed  in  this  lesson  for, 
information  purposes.  ^ 

b.    Emphasize  the  importance  of  strictly 
following  manufacturer's  specifications 
and  procedures. 


\ 


1 


Presentation. 


A.    Scavenging  system  maintenance. 


1.  Clean  pre-cleaner. 

2.  Clean,  air  cleaner. 

t    a.    Maintain  proper  ojjl  level  if  , 
required, 

3.  Ch^ek  emergency  shut  do^^pTTV-^ 
a.    For  freeness  of  operation. 

4.  Air  box  drain,  cleaning.  <  , 
.  a.    Check  for  possible  obstruction. 


II ♦    Introduce  and  show  film, 
MN44A,  "Diesel  Engine  Gover- 
nors", Part  I.  ,  , 

II. A.  Review  and  discuss  high 
points  of.  film. 

II. A. 1.    Use  Operator's 
Manual  for  reference. 


) 


/ 
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'CM  *'A"  IG  2.J.2- 
STUDENT  ACTIVITY 


•II.    View  film. 


H.A.    Discuss  high 
points  of  Jfilm. 

II  .A*  1 .  Follow(^instruc 
tor's  lecture  and 
discussion. 
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^         'Direct  atmb'spherlc    tube's)  T  "  * 

5.  Check  cold  weather  starting  device  (air 
heater) . 

a.  Fuel  hand  pump  operation. 

b.  Spray  orifice. 

c*    Clean  and  adjust  coil  points, 
d.    Clean  and  adjust  igniter. 

6.  Cold  weather  starting  device  (ether 
capsule) . 

a.  Clean' ether  chamber  and  lines. 

b.  Check  ether  chamber  cap  and  gasket  ,  ^ 
condition.  ^ 

1.    Check  condition  and  operation  of  exhaust 
pipe  rain  covers. 


B.    Lubricating  system  maintenance. 

1.    Oil  change  procedure.  •  ^ 

a.  Drain  while  hot.  ^ 

b.  'install  and  tighten  drain  plug.  .  ^  '  , 

c.  Clean 'around  filler  tube.  "^^^ 

d.  Never  over  or  under  fill.         ^  *  76'tj'  ' 


75  U  e.    Make  final  check  of  level  after  a 

-  ten  minute  running  period. 
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2.    Oil  filter,  cleaning  proceidure. 

a.  Clean  housing  and  base  thoroughly. 

b.  Install  new  element  and  gasket. 

Check  for  oil  leaks  after  starting 

 the  en^in^^  -  —  


INSTRUCTOR  ACTIVI^FY 


CM  "A"  IG  2. J. 2 
STUDENT  ACTIVITY 


C.     Cooling  system  maintenance. 

1.  Purging  cooling  system  of  air  (in-line 
en*gines)  . 

a.  Engine  stopped. 

b.  Open  vent  in  water  manifold. 

c.  Close  vent  when  solid  stream  of 
water  appears. 

2.  Adjustment  of  fan  belts.  ^ 

a.  Older  models,* move  generator. 

D.     Newer  models;  adjust  fan  bracket. 
3*    iT-reasing  of  fan  bearings. 

3.    Older  models  have  grease  flatting. 

b.  Newer?  models  require  no  greasing. 


II. C.  Introduce  and  show 
film  MC  144SC. 


II. C. 3.  Discuss  high  points 
of  film.  '  i 


II. C.    View  film. 


II.C. 3.  Participate 
^in  discussion. 


ERIC 
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OUTLINE  OF  INSTRUCTION  '   INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

D.'    Fuel  syistem  marintenancev  *  -   -  "  ^ 

1.  Tank. 

a.    Fueli'ng.  y 


(1)    End  of  day. 


(a)    Remove  moisture  laden  air, 
b.    Removing  sediment  and  water. 
^1)    Start  of  day. 

(a)    Overnight  settling  period ,  . 

2.  Fuel  stra4.ner. 

a.  Cleaning.  ^ 
(1)    Wash  in  solvent  or  gasoline. 

b.  Clog^ged  strainer. 

« 

(1)    Install  new  element  and  gasket. 

3.  Fuel  filters.     .  ^ 
a.    Changing;  / 

(1)  By  hourly* schedule.  ^ 

A 

(2)  Clean  housing  thoroughly. 
^  (3)    Install  new  ej^ent  and  gasket. 
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a.  Run  engine  at  idle  speed. 

b.  Depress  follower  on  orfe  .injector. 
(1)    Listen  for  RPM  change. 

—        (2T    No'TQ^PrcTianp  '*ilSdic-arresTils- 
firing  of  cylinder. 

c.  Repeat  on  all  cylinders. 
5.    Replacing  injectors. 

a.  Level  rocker  anus. 

(1)    Remove  hold  down  bolts  and  swing 
back. 

b.  Remove  injector  hold  down. 

(1)    Pry  injector  from  co^er  tube. 

c.  Replace  in  reverse  order, 
fe.     Valve  adjustment  '(6V  engines).- 

a.  Engine  at  normal  o.perating 
temperature  (160^  -  185  F) . 

^  ^      (1)    Allow  an  additional  .002" 

clearance  when  setting  valves 
^  cold.  •  . 

b.  Governor  stop  lever  in  the  No  Fuel 
position. 

c.  Remove  valve  cover.  .  ^ 


Il^STRUCTOR  ACTIVITY 

II .p . A .     Demons trate  to  class 
on  live  eneine  how  to  locate 
mis-f  irinl^c'yiinder . 


II^D.^i^Demonstrate  val^e\ 
adjus^ent  and  injector 
timing  operations  using  actual 
engines  in  shop. 


CM  "A""l.G  2w.2 
STUDENT  ACTIVITY  . 


II. D. 4.  Observe  demon- 
sEraTiori^alid^  TaktT  tXotBS^ 
as  necessary. 


II,D.6.    Assist  instruc- 
tor as  called  on  during 
demonstration.  v 
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d.    Position  enginfe*  ^  . 

(1)    Rotate  the  crankshaft  until  the  . 
injector  follower  is  fully  de- 
pressed on  the  cylinder  to  be 
adjusted. 

 _ — ^GAUT^ON^^ -Wlien-us^ing-.ri-wrench  xin^the —   - 


7bV 


crankshaft  bolt  at  the  front  of  the 
/  engine,  do  not  turn  the  crankshaft  in 

a  left  hand  direction  of  rotation  as 
the  bolt  will  be  loosened. 

,    e.    Check  valve  clearance  (normal  oper- 
ating temperature) . 


(l)    Use  .013"  GO  —  .015"  NO  GO 
method. 

Adjust  valve  clearance  -(cold). 

(1)  Loosen  the  push  rod  locknut. 

(2)  Place  a  .017"  feeler  gauge 
between  the  valve  bridge  and 

.the  valve. rocker  arm  pallet. 

;(3)    Adjust  the  push  rod /to  obtain  el>' 
smooth  pull  on  feeler  gauge. 

(4)    Remove  feeler  gauge,  hold  the 

push  rod  with  a  5/16"  wrench  and 
'tighten  thc^locknut  with  a 
1/2"  wr.ench.  . 
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OUTLINE  OF  IKSTOUCnON  *  INSTRUCTQR  ACTIVITY      ^  STUDENT  ACTU  Ilf 

(5)     Recheck  the  clearance.     If  the 

adjustment  is  correct,  the  '  .  ,  • 

.015"  feeler  gauge  will  pats 
^  freely  between  the  valve  bridge 

V  ^       and  valve  rocker  arm  pallet, 

>    but  the  /017**  feeler  gauge  will  * 

not  pass  through.  • *         '  ^ 

g.    Adjust  remaining  valves  in  firing  ^ 
order. 

7.    Valve  adjustment  (in-line  engines). 

a.     Engine  at  normal  operatiqg  temper- 
ature (160°-185"f.  '  .  . 

(1)  A'Uow  an  additional  .002"  ^ 
.    "clearance  when  setting  valves 

cold. 

a.     Place  governor  throttle  control 
lever  in  the  No-fuel  positife^n. 

c.  Rotate  the  crankshaft  until  the  ^ 
injector  follower  is  fully  depressed 
on  the  cylinder  to  be  adjusted. 

d.  Adjust  valve  clearance  (cold).  .  .  ' 
^(1)     Loosen  push  rod  locknut. 

(2)  Place  a  \013"  feeler  gauge 
between  the  valve  stem  and  the 
rocker  arm. 
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SllJDENT  ACTIViiT 


(3)  Adjust  ^he  push  rod  to  obtala 
a  smooth  pull  on  the  feeler  gauge. 

•  •  •  '  . 

(4)  Remove  feeler  gauge,  hold  the  push 
rod  with  a  5/16"  wrpnch  and  bight- 
en  C^e  locknut  with  a  1/2"  wrench.-- 

(5)  Recheck  the  clearance,  if  the 
adjuj^tment  is  correct^the  .011*'  ' 

'  feeler  gauge  will  pass  freely 
between  valve  ,stem  and  rocker 
arm,  but  the  .013"  feeler  gauge 
,wiJl  -not  pass  through. 

e.    Adjust  remaining  valves  in  firing 
order. 

NOTE:     SAFETY  PRECAUTION:    WJienever  a  push 
rod  has  been  disconnected  fi^om  the  rocker 
arm  clevis  >  the  push  rod-*must  be  screwed 
back  into  the  clevis  until  it  is  flush  • 
with  the  threaded  portion  of  the  clevis  ^  ^  ' 

before  the  rocker  arm  is  bolted  back  in 
.pLace,  .  Failure  to  do  so  may  permit  the 

piston  to  hit  the  head  of  the  valve  when  ,  » 

the  engine  is  turned  over. 

Injector  timing  Vln-linc-  and  6V  engines).  11. D. 8,     Show  timing  tool  and 

use  chalkboard  to  demonstrate, 

a.  Use  proper  timing  tool, 

*  (1)     1.460*;  -  for  S-70  and  HV7    .  ^  .  ' 
\  injectors. 

.    1.484"  -  for  HV6  injectors. 

b.  .   Governor  stop  lever  in  no  fuel 

position.  ^  ^  ^ 


t 


tl  .D/8.     Take  .notes/ 
sketches  as  necessary. 
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OUTLINE  OF  ]>ISTRUCTION  INSTRUCTOR  ACTIVITY  STUDKNT  ACTIVITY 

o.    Position  Engine ♦  , 

(1)    Valves  fully  open  on  cylinder 
to  be  a^usted, 

■4 

d.  Check  timing  dimensions.  *  *  , 

(1)  Distance  from  top  of  body  to 
top  of  follower* 

(2)  Timing  tool  in  hole  on  top  pf  ^  ^ 

body.  \  '\  ^  ' 

•      f  ' 

(a)     Insure  that  there  is  no  ^ 
/  dirt  in  hole  prior  to 

inserting  tool.  ^ 

(3)  Hold  tool  perpendicular  to  body. 

(a)    The  flat  of  the  gauge  toward 
'  the  injector  follower.  ^  ^ 

'    ^       (4)    Extended  portion  of  gauge  should  ^ 
*  just  clear  the  top  of  follower^ 

(a)    Follower  too  low  -  early  , 
injection. 

*  J, 

e.  Adjust  i;he  follower  height. 

^ .  '  (1)    Screwing  push  rod  into  device 

,  '  ^  will  permit  follower  to  rise.  ^ 

'  ^  f I    Time  remaining  injectors  in  firing 

order. 

g.    Move  the  gove.rnor  stop  lever  to  the 
Vrun*'  position  and  hold  it  at  that  * 
position  with  light  finger  pressure.      ♦     •  . 
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h.  Turn  the  inner  adjusting  screw  of 
,  the  No.  IL  injector  rack  control 

lever  down  until  a  slight  move- 
ment in  the  governor  stop  lever 
is  noted, 

i.  Screw  outer  screw  in  until  it 
bottoms  lightly  on  the  injector 
control  tube. 

j*    Move  the  governor  stop  lever  back 
and  forth  a  few  times  and  note  a 
"rotating"  movement  of  the  injectc^ 
control  rack  when  the  stop  lever 
is  moved  to  the  "run"  position. 

k.    Hold  the  stop  lever- in  the  "run" 
position  and  using  a  screwdriver 
press  downward  on  the  injector 
control  rack. 


INSTRUCTOR  ACTIVI17 


CM  "A''  iC  ^ 
rri'DENT  ACT  IVITY 


(1)  Rack  should  tilt  downward,  and 
when  the  pressure  of  the  screw- 
driver is  released,  the  control 
rack  should  "spring"  back 
upward* 

(2)  Adjust  tho  inner  and  outer 
adjusting  screws  to  obtain 
this  condition. 

(3)  At  this  point.  No.  IL  injector 
ratk  control  lever  is  fully 
adjusted. 


/ 


(4)    Tighten  both  the  inner  and  outer 
adjusting  screws  and  recheck 
adjustment . 
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1.    Reraqve  clevis  pin  from  fuel  rod  at 
lett  bank  injectpr  control  tube 
lever . 

m.     Insert  the  clevis  pin  in  the  fuel 
rod  on  the  right  cylinder  bank 
injector  tube  lever. 

(1)    Adjust  No  .  m  injectoi:^  rack 
the  same  way  you  adjusted  No. 
IL.' 

n.    Adjust  the  remaining  injector  rack 
control  levers. 

(1)  Remove  clevis  pin  from  the  ^ 
^fuel  rods  and  the  injector 

control  tube  levers.^ 

(2)  Hold  injector  racks  in  the 
full-fuel  position, 

(3)  Turn  down  the  inner  adjusting 
screw  of  the  injector  rack 
control  lever  until  the  screy 
bottom?  (injector  control  rack 
in  the  full-fuel  position). 

(4)  Turn  down  outer  adjus^ting  screw 
of  the  injector  rack  control 
lever  until  it  bottoms  on  the 
injector  contr^al  tube. 
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OUTLINE  01  ESSTRUCTION  ^         INSTRUCTOR  ACTIVITY  ,  STUDENT  ACTIVITY 

(5)    While  still  holding  control  tube  ^ 
lever  in  the  full-fuel  posi'tion,  . 

adjust  the  inner  and  outer  ^  ^  -  • 

.adjusting  screws  to  obtain  the 
/    ,  '         same  condition  as  outlined  in  \  ^- 


step  (11.)    CAUTION:    once  No.  '  '  ^    '    r\  ,  ' 

IL  and  No.  IR  injector  rack  ^  '  \ 

,    '      control  levers  are  adjusted,  .      ^  '  • 

do  not  try  to  alter  their^  setting.  ^  •  •  » 

o.   ,When  all  injector  rack  control  levers  *  ^         .  •     •  ' 

are  adjusted,  recheck  their  settings. 

p.  '  feaert  the  clevis  pin  in  the  fuel  \ 

rcfds  and»  the  injector  control  tube  -  v.,      ,        ,  V.       ^ '  ^         '*  . 

levers.  *  .  '  , 

9.    Governor  gap  adjustment- (in-line>^nd           II.D.9.  Demonstrate  on  catS^^x,  II. D. 9.    Follow^ insttfuq 

6V  engines) .  t6r  demonstration  on  ^ 

cutaway. 

a.  To  insure  that  all  the  governor 

spring  tension  is  being  imparted  -        ^  *      X      *  ' 

to^  the  weights  Jthrough  the  lever  and  ^                ^  y 
not  to.  the  housing.                              ^  * 

b.  Remove  the  governor  cover.  ^ 

c.  .    Place  tfie  speed  control  lever  in    *  '  ' 

,  the  maximum  speed  position.  .  • 

d.  Measure  gap.  between  governor  spMng.  ^  * 

plunger ^and  plunger  guide.  *  .  ' 

'   (1)    Should  be  .006".  ,  '       .     '  ^ 

Adjust  gapl  -I 
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CM  "A"  IG  2  .2 
STUDENT  ACTIVITY 


(1)    Loosen  the  locknut  and  turn  the 
adjusting  screw  until  a  slight 
drag  is  noted  on  the  feeler 
g^uge. 

f.  Hold  the  adjusting  screw  and  tighten 
^the  locknut. 

g.  Install  the  governor  cover. 

NOTE:  Insure  that  pin  on  governor  cpntrol 
levder  shaft  sets  into  slot  on  differential 
lever  when  replacing  cover. 

10.     Equalizing  racks  (SV  engines) 


NOTE:    Position  injection  rack  control 
levers-wtth  the  throttle  in  the  full  fuel 
position.         .      '  .  ' 

A 

NOTE:    The  letters  '^R''  and  "L'^  indicate 
the  injector  location  in  the  rig|)t  or 
left  bank,  viewed  from  the  rear  of  the 
engine.    Adjust  , the  N0..IL  injector  rack 
control  lever  first  to  establish  a  guide"^ 
for  adjusting  the  remaining  left  bdpk 
control  levers.  * 


a. 


Disconnect  any  linkage  attached  to  the 
goxernoif  stop  lever.  .  ' 


\ 
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b.  Back  out  the  buff^er  screw  5/8?. 

»  *^ 

c.  Loosen  all  of  the  inner  and  outer 
injector  rack  control  lever  adjusting 
screws  on  both  cylinder  heads  and^  both 
load  limit  device  adjusting' screWs*.* 
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OUTLINE  OF  INSTRUCTION  ' 

NOfE:    Be  sure  all  injector  rack  control 
levers  are  "free"  on  the  injector 
control  tubes. 

d.  Check  for  binding  in  the  governor  to 
control  tube  I'inkage  by  moving  the 
linkage  through  its  full  range  of 
travel  with  one  hand  on  the  stop 
lever  and  thQ  other  hand  on  one  of 
the  control  tube  levers, 

* 

e.  Remove  the  clevis  pin  from, the  fuel 
rod  at  the  right  cylinder  bank 
injector ^control  tube  lever, 

f.  Moye  the  speed  contrbl  lever  to  the 
*  maximum  speed. 

»  11,    Equalizing,  racks  (in-line  engines,) 

a.   'Disconnect  any  linkage  attached  to 
the  governor  stop  lever. 

b-    Back  out  the  buffer  screw  5/8". 

'  .     c.    LoJjsen  all  of  the  inner  and  outer 
~  injector  rack  control  lever  adjust- 

ing screws. 

/  NOTE:    Be  sure  all  injector  rack  control 

levers  are  "free"  on** the  injector  control 
tubes . 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2  ,2 
STUDENT  ACTIVITY 


II,D.ll.    Demonstrate  rack 
equalization  procedure  using 
live  engines  in  shop. 


II.D.ll,  Observe 
demonstration  and  part- 
icipate as  directed 
by  instructor. 


•er|c 
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d.    Move  speed  control  lever  to  maximum 
speed  position. 
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Move  the  governor  stop  lever  to  the 
"run"  position  and  hold  it  at  that 
position  with  light  finger- pressure- 

Turn  the  inner  adjusting  screw  of 
the  No*  1  injector  rack  control 
lever  down' until  a  slight  movement 
in  the  governor  'stop  lever  is  noted. 

Screw  outer  screw  in  until  it 
bottoms  lightly  on  the  injector 
control  tube. 

Move  the  governor  stop  lever  back 
and  forth  a  few  tixnfes  and  note  a 
"rotating"  movement  of  the  injec- 
tor 'control  rack  when  the  stop 
lever  is  moved  to  the  "run"  p«)S- 
ition. 

Hold  the  stop  l^v^er  in  the  "run" 
position  and  using  a  screwdriver, 
press  downward  on  the  injector 
control  rack.  ^ 

(1)  Rack  should  tilt  downward,  and 
wh^n  the  pressure  of  the 
screwdriver  is  released,  the 
cont>rol  rack  should  "spring" 
back  upward. 

(2)  Adjust  the  inner  and  outer 
adjusting  screws  to  obtain 

^  this  condition. 

(3)  At  this  point.  No.  1  injector' 
rack,  control  lever  is  fully 
adjusted. 
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STUDENT  ACTIVITY 


(4)  Tighten  both  the  inner  and 
outer  adjusting  screws  and 
recheck  adjustment. 

Adjust  the  remaining  injector  rack 
control  levers. 

(1)  Remove  clevis  Vin  from  the 
fuel  rods  and  the  injector 
control  tube  levers. 
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-(2)    Hold  injector  control  racks 
in  the  full-fuel  position. 


(3)    Turn  down  the  inner  adjusting 
screw  of  the  No.  2  injector 
rack  control  lever  until  the 
screw  bottoms  (injector  conttol 
rack  in  the  full-time  position). 

(A)    Turn  down  outer  adjusting  screw 

*  of  the  injector  rack  control 
lever  Until  it  bottoms  on  the 
injector  control  tube. 

(5)  r While  still  holding  control 

*  tube  lever, in  the  full-fuel 
position,  adjust  the  inner 
and  outer  adjusting  screws 
to  obtain  the  same  condition 
as  outlined  in  step  (9) . 

CAUTION:    Once  No.  1  injector 
rack  control  lever  is  adjusted, 
do  not  try  to  alter  this  setting, 

V. ' 

When  all  injector  rack  control 
levers  are  adjusted,  recheck  their 
settings. 
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1.     Insert  the  clevis  pin  in  the  fuel 

rod  and  the  injector  control  tube  ^ 
lever. 

12.     Idle  and  buffer  spring* adjustment. 

a.    Start  engine  and  run  until  warm. 

(1)  Stop  lever  in  run  position. 

(2)  ■  Speed  control  lever  in  idle 
*  position. 

*b.    Adjust  idle  speed  screw,  ^ 

(1)  '  Loosen  locknut'  and  turn  idle 

speed- screw  until  engine  idles 
at  recommended  idle  speed. 

(2)  ^   Idle  speed  550  RPm/ 

(3)  Hold  idle  speed  screw ^and 
tighten  locknut. 

c/   Adjust  buffer  screw.  / 

(1)  Engine  at  idle  speed..  . 

(2)  Turn  buffer  screw  /'IN"  so  .that 
it  contacts  differential  dever 

as  lightly  as  possible  and  ^  I  . 

still  eliminates  engine  roll. 

* 

(3)  Hold  buffer  sprew  and-  tighten 
locknut. 
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 o   

NOTE:  Do  not  false  engine  idle 
sp^ed  more  than  15  RPM  with  the 
buffer  screen. 

13.     Load  limit  device  adjustment  (CV  engines). 

a.  Mechanically  limits  the  travel  of  the 
injector  racks  and  thereby  the  fuel 
output  of  the  injectprs. 

b.  The  load  limiting  device  is  adjusted 
after  the  engine  tune-up  is  completed. 

J 

(1)  Loosen  load  limit  screw  locknut. 

(2)  Back  load  limit  screw  out  of  the 
adjusting  screw  plate  until  1" 
of  the  screw  is  below  plate. 

(3)  Adjust  load  limit  screw  locknut 
so  bottom  of  locknut  is  1  3/A*' 
from  bottom  of  load  limit  screw. 

(A)     Loosen  load  limit  lever  clamp 
bolts  so  the  lever  is  free  to 
turn  on  the  injector  rack  control 
tube. 

(5)  THtead  the  load  limit  screw  into 
the  adjusting  screw  plate  until 
the  locknut  "bottoms"  against 
the  top  of.  the  plate. 

(6)  Hold  injector  rack  control  tube 
in  the  full-fuel  position  and 
place  the  load  limit  dever,  against 
the  battom  of  the  lo^d  limit 
screw./   Then,  tighten  the  load 

,  '  limit  lever  clamp  bolts. 

i 

(22  of  25) 


CM  "A"  IG  2*:  .  2 
STUDENT  ACTIVITY 


79^ 


'     CM  ''A"  IG  2. J. 2 

OUTLINE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  »  STUDENT  ACTIVITY 

*  (7)    Check  to  ensure  that  the  injec- 
tor racks  will  jiist  go  into  the 
s     full-fuel  ppsition, 

(8)    Hold  load  limit  screw  to  keep  it  *  -  i 

from  turning,  then  set  the  lock-  ,  .  1  • 


from  turning,  then-lighten  the 
locknut  to  secure  the  setting. 

14,    Fuel 'f loy  test . 

a.  Discotmect  return  line  to  tank. 

f 

b.  Operate  engine  at  12010  RPM  /nd  measure 
amount  of  fuel  flow  into  a  container  , 
for  one  minute. 


793 


(1)  0.8  gallon  of  fuel  per  minute 
(6V  engine) • 

(2)  ^0.5  gallon  of  fuel  per  minute 

(in-line  engine) . 


Immerse  tube  in  fuel  and  watch  for 
air  bubbles. 


(Z)    Indicates  leakage  on  suction 
side  of  pump. 


nut  until  the  distance  between 
the  bottom  of  the  locknut  and^the 
top  of  the  adjusting  screw  plate. 

(9)    Thread  load  limit  screw  into  the 
plate  until  the  locknut  "bottoms" 
against  the  top  of  the  plate. 

V 

(10)    Hold  load  limit  screw  to  keet  it  .  ^ 


(a)    Failures, -^gaskets  and  lines.  - 
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OUTLIME  OF  INSTRUCTION  '  INSTRUCTOR  ^CTIVITY  STUDENT  ACTIVITY 

-   E.    General  checks.  •  ^ 

1.  Lubrication  of  all  linkage,  ^ 
a*    Throttle  linkage.  - 

*  b.    Shut  down  linkage. 

♦  *c.    Injector  control  tube  and  levers.  \ 

d.    Tachometer  .and  hourmeter  drive  cable. 

2.  Grease  all  fittings.  • 
a.    According  to  type  of  grease  required. 

3.  General  tightening  of  ail  nuts,  bolts 
and  screws. 

a.  Head  bolts.  ^ 

b.  Pan  bolts.  , 

c.  Air  box  covers. 
(1)    Check  specifications.  '  * 

4.  Check  for  leaks. 

a.  Fuel.  ^.j^^ 

b.  Oil. 

c.  Water V 
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III,  Application, 


A,    Criterion  tests:    Service  scavenging  system, 
lubricating  system,  cooling  system  and  fuel 
system  of  Gei)eral  Motors  71  series  diesel 
^,  engines  using  appropriate  handtools, 

special  tools  and  shop  equipment.    All  tasks 
will  cortfonn  tq  manufacturer's  specifications 
without  error, 

IV,  Summary, 

A,  Scavenging  system  maintenance, 

B,  ^Lubrication  system  maintenance, 

C,  Cooling' system  maintenance, 

D,  Fuel  system  maintenance, 

y 

E,  (^ggieral  checks.  ^ 
V;  Test! 

A,    A  written  examination  on  this  topic  will 
be  included  in  the  end  of  unit  test. 


III,A«    Direct,  supervise  and 
evaluate  student  performance 
in  servicing  scavenging,  Rub- 
ricating, cooling  and  fuel 
systems  of  GM  71  series  diesel 
engine  while  conforming  to 
manufacturer's  specifications 
without  error. 


III, A.    Service  scaven- 
ging, lubricating, 
cooling  and  fuel  systems 
of  GM  71  series  diesel 
engines  using  appropriate 
handtools,  special  tools, 
and  shop  equipment.  All 
tasks  conforming  to 
manufacturer's  specifi- 
cations without  error. 
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Classification:  Unclassified 
Topic:    Cmnmins  Diesel  Engine 

Average  Time:  2  Periods  (Class),  2  Periods  (Pract) 
Instructional  Materials: 

A.  '  Texts: 

1.    Cuimains  Diesel  Engine^,  Construction 

Industrial,  Industrial  Firepump,  Logging, 
Mining,  Railway,  Generator,  Operation  and  , 
Maintenaneo^  Bulletin  No.  983711-OE, 
Cummins  Engine  Co.,  Inc.,  Columbus, 
Indiana  47201.  Sec.  1.  . 

B.  References:  None. 

C.  Tools,  Equipment  and  Materials: 

1.  Tools; 

a.  Diesel  engine  handtools* 

b.  Diesel  engine  shop  tools. 

2.  Equipment.         ^  '  ■  ^ 

a.  Major. 

U)    Cummins  NH-250,  Diesel  Engines 
(6  each) • 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  operate  and  service  • 
the  Cummins  NH-250  diesel  engine  while  using  applic- 
able handtools,  special  tools  and  shop  equipment • 
Specifically,  he  will  ope^rate  a  Cummins  diesel  and 
service  the  fuel  system,  cooling  system,  and 
scavenging  system.    All  tasks  will  meet  manufacturer's 
specifications  and  recommendations  without  deviation 
as  specified  in  Job  Sheet  CM  "A"  JS  2.4*1.1,  •'Main- 
tenance  of  Cummins  NH  Diesel  Engines". 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  operate  a  Cummins 
NH-250  diesel  engine.  .  He  will  prestart  check,  start, 
rurt  and  secure  the  engine  while  monitoring 
instruments  and  interpreting  their  readings.  His 
performance  shall  conform  to  manufacturer's  recom- 
mendations, without  error,  as  specified  in  Job  Sheet 
CM  "A"  JS  2.4.1.1,  Maintenance  of  Cummins  NH  Diesel 
^ngines^. 

Criterion  Test:    Prestart,  check,  start,  run  and  secure 
the^Cummins  NH-.250  diesel  engine  while  monitoring 
instruments  and  interpreting  readings.    All  performance 
shall  conform  to  manufacturer's  recommendations  without 
error  as  specified  in  the  job  sheet. 

Homework:  Study. 

1.    Cummins  Diesel  Engine  Operation  and  Maintenance 
Manual  Bulletin  983711-OE,  Sec.  1  and  5. 
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3.    Materials  (consumable). 

a.  Cleaning  solvent. 

b.  Diesel  fuel. 

c.  Diesel  engine  oil. 

d.  Wiping  rags. 
Training  Aids  and  Devices: 

1.  Films: 

a.    Turbocharger ,  985566M,  Cummins  Engine  Co 

2.  Locally  Prepared  Material t 
a.    Job  Sheet. 

(1)    CM  "A"  JS  2.4.1.1,  "Maintenance  of 
Cummins  NH  Diesel  Engines". 

Training  Aids  Equipment: 

I.    16mm  movie  projector* 
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OUTLINE  OF  INSTRUCTION 
I.     Introduction  to  the  lesson.  ^ 
A.     Establish  contact. 

1 ,  Name : 

2.  Topic:    Cummins  Diesel  Engine 
Operation. 

fi.    Establish  readiness. 

1.  Purpose., 

2.  Assignment. 
C.     Establish  effect. 

1.  The  most  satisfactory  service  can  be 
expected  from  a  Cummins  Diesel 
Engine  when  the  operation  procedures 
are  based  upon  a  clear  understanding 

of  the]  engine  working  principles.  Each 
/         part  of  the  engine  effectst^the  oper- 
ation of  every  bther  working  part  of 
the  engine  as  a  whole. 

2.  Many  pieces  of  Navy  equipment  have 
the  Cummins  NH  diesel  engine  and  with 
adequate  maintenance,  they  will  last 

the  Navy  ^ny  years.    Maintenance  of  this 
piece  of  equipment  will  fall  upop  you 
at  your  next  assignment. 


INSTRUCTOR  ACTIVITY 


I. A.    Introduce  self  and  topic. 


STUDENT  ACTIVITY 


I.B.    Motivate  student. 


I.e.  Bring  out  need  and  value 
of  material  being  presented. 


A^livancement  in  rating  exams  contain  I.C.3.     State  learning  objectives, 


many  items  concerning  the  Cummins 
diesel  engine  and  therefore  it  is  to 
your  advantage  to  deam  more  about 
this  englne-here  at  tiM  School."  ^ 


a.     State  Information  and 
materials  necessary  to  guide 
"Student.        i  ..^ 
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OUTLINE-  OF  INSTRUCTION 

D,  Overview: 
II.  Presentation. 

A.    Cummins  Diesel  Engine. 

1.  Four  stroke-cycle,  high  speed,  full 
,  ^                 diesel  engine. 

2.  Engine  model, 
a.  NH-250. 

3.  Engine  specifications.  ^ 
a.    Bore  and  stroke. 

XI)    5V'  X  6". 

(2)  CID  855. 

(3)  Maximum  horsepower  -  250. 

4.  Head  design. 

a.     Each  Cylinder  head  is  for  two 
cylinders. 

5.  Valve  arrangement. 

a.    Two  intake  and  two  exhaust  per  ' 
cylinder. 

B.    Prestart  check  starting,  operating  and 
securing.  '  ^ 

1.    Prestart  checks. 
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INSTRUCTOR  ACTIVITY 
I.D.     Pass  out  manual. 


II. A.     Explain  Cummins  diesel 
engine  model  and  series. 

II. A. 1.     Refer  students  to  the 
operations  manual,  "Cummins 
Diesel  Engine  H  and  Nil  Series, 
page  5  thru  9. 


CM  "A''  IG  ^.A.l 
STUDENT  ACTIVITY 


II. B.    Have  class  refer  to 
operation  and  n^aintenance 
instructions. 


I I. A. 2.  Review  and 
identify  series  and 
models. 


II. B.    Refer  to  text 
as  directed  by  instruc-- 
tor. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  .  .4.1 
STUDENT  ACTIVITY 
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a.  Lubricating  oil* 

(1)    Note  expandable  rubber  seal  on 
dip  stick* 

ft 

b.  Diesel  fuel. 

(1)    Adequate  supply* 

c.  Coolant. 

(1)  Fill  completely. 

d.  Hand  cranking. 

(-1)    Bar  engine  through'  two 

complete  revolutions.  > 

(a)    To  reveal  frozen  par^s  or 
liquid  in  cylinders. 

(2)  Do  not  attempt  to  start  engine 
by  hand  cranking. 

6.    Throttle  position  for  starting. 

'     (1)    Idle  position. 

f.  Manual  solenoid  control. 

(1)    Closed  position. 

\  .  '  '     '  ' 

g.  Electrical  solenoid  control. 

. 

(1)    ^)pen.  position. 


II.B^.f .    Show  and  pass 
solenoid  control  to  class. 


II.B.l.f.  Examine 
solenoid.  . 
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*   OUTLINE    OF  INSTRUCTION 


INSTRUCTOR  ACTIVITY 


J 

CM  "A"  IG 
STUDENT  ACTIVITY 


h.    Check  exposed  moving  parts  for 
'  ^  possible  obstructions. 

\  ^ 

(1)    Check  ccmpletely  around 
engine.  \  ^ 

2.  Starting. 

a.    Warm  weather  starting.  .  


er|c 


(1)  Pull  compression  release  (if 
»  so  equipped)  . 

(2)  Push  starter  button. 

(3)  Close  compression  release  (If 
so  equipped) . 

(a)    After  3  or  4  seconds^  of 
cranking. 

(4)  ReleaSe  starter  .button  when 
engine  starts. 

'    (a)    Never  use  starting  motor 

more  than  30  seconds  before 
r  allowing  It  to  coot  2-5 

minutes.  / 
b.    Cold  weather  starting. 

(1)    Intake  air  preheater. 

(a)  Turn  glow  plug  switch  to 
on  pbsltlon. 

(b)  After  20  seconds,  operate 
priming  pump  (^0-60  PSI) 
and  push  Istarter  button 
simultaneously* 
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INSTRUCTOR  ACTIVITY 


CM  ''A"  IG  .,4.1 
STCPENT  ACTIVITY 


If  engine  is  e<}Uipped  with 
conpression  release,  it 
should  be  utilized  for 
3  or  4  seconds  when  starter 
button  is  poshed. 


(2)    Ether-cowpound  Metering  equipment. 

(a)    Close  shut-off  cock  on 
ether  chamber. 


(b)  Insert  ether  capsule  in 
chamber. 

(c)  Push  chaaber  cap  down* 
sharply  aopO,  tighten  1/4 
turn. 

(d)  Wait  30  seconds.. 

(e)  '   Push  starter  button  and 

then  open  sfaat-o^  cock.^ 

<€)    Coapressioa  release  should 
have  be^  used  if  so 
equipped. 

(^)    After  engine  starts,  close 
shut-off  cock  and  discard 
empty  capsule. 


5.  Operating. 

a.    Check  gauges. 

(1)    Lub  oil  pressure. 
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CM  "A"  IG  2.^.1 

OUTLINE .OF  INStRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 

(2)    Generator  charging  rate. 

b.  Listen  for  unusual  noises. 

c.  Warm  up  speed. 

(1)    800-1000  RPM. 

d.  Warm  up. period • 


'  (1)    No  load  until  water  temper- 
ature reaches  lAO^F. 

(2)   .10  to  15  minutes  at  partial' 
load. 

(a)  Not  to  exceed  1600  RPM.  - 

(b)  Until '-water  temperature 
reaches  160°/165OF. 

'  e.    Accelerating  and  depelerating  quickly. 

r 

(1)  Permissable  if  situation 
warrants. 

(2)  Not  permissable  for  "hot  rod" 
.  .  effect. 

I  (a)    Causes  unnecessary  engine 

year  and  twisting  effort 
on  crankshaft.  ^ 

f.    Partial  load  application. 

Assists  in  fa^t^r  warm  up. 
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OUTLINE  bb*  INSTRUCTION 

g.    Full  load  application. 

(i)    Permitted  on  a  hot  engine 
only.. 

(a)  Water  temperature  - 
,  1600/165°F. 

(b)  Lube  oil  temperature  - 
1800/225°?. 


INSTRUCTOR  ACTIVITY  . 


CM  "A*'  iG  :  -^.r 

STUDENT  ACTIVITY 


<{.  Securing. 

a.  Remove  all  load  from  engine. 

b.  Idle  engine  from  3  to  5  minutes. 

(1)    For  cooling  off  period. 

^  c.    Turn  off , fuel  solenoid  switch 
'(PT  pump). 

(1)    NEVER  use  compression  release 
o  mechanism. 

(a)    Excessive  wear  will  occur 
on  push  rod  sockets. 

a.    Emergency  shut  down. 
.    <1)    PT  pump. 

(a)    jpse  normal  shut  down 
switch. 


II. B. 4.  Stress  the  importance 
of  proper  securing  of  engine. 


II. B. 4.    Take  notes. 


II.Bf4.d.    Issue  Job  Sheet 
CM  "A'*  JS  2*4.1.1. 
Demonstrate  prestatt  check, 
starting,  operating  checks  and 
proper  securing  of  engine. 
Supervise  student  practice  in 
engine  operation. 


II.B.4.d.  Observe 
demonstration  following 
CM  "A"  JS  2.4.1.1. 
Take  notes  as  necessary 
Operate  Cummins  engines 
under  supervision  of 
instructor. 
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STUDENT  ACTfVITY 

I I.e.,  Take  notes »  a^K 
questions  where  In 
dpubt . 


II.,C,2.    Open  text  tO 
pages  1-2,  1-3  as 
directed  by  instructor. 

II.C»2,a,  Examine  PT-G  ^ 
and  PT-R  pump. 
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CM  ''A"  IG  ^.4.1 

INSTRUCTOR  ACTIVITY  _  .  STUDENT  ACTIVITY 


c.    P.T,  pump. 

(1)  Driven  by  engine  gear  train. 

(2)  May  be  mounted  to  and  driven  by 
,   air  compressor. 

«•    Manifold  supply  line. 

(1)    Connects  pump  outlet  to  .inlet 
 (u^rl  m^uif-uld.  " 


e.  Inlet  fuel  manifold. 

(1)  Provides  fuel  !low  to  all 
injectors.   ^  ^ 

(2) '    Drilled  passage  through 

cylinder  heads. 

•> 

(3)  Located  below  outlet  fuel 
manifold. 

f.  Injector*        ,     ,  r 

(10    Idei;itified  as  P.T.  type* 
inj ector. 

(a)    Stamped  with  letters  P.T. 

(2)    Has  upper  and  lower  radial  / 
groove. 

(a)    Permits  e^ntry  and  drain  of 
fuel  at  injector. 

g.  Outlet  fuel  manifold. 

■   •  (11  of  24) 
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INSTRUCTOR  ACTIVITY 


(1)     Returns  fuel  not  injected  to 
the  fuel  supply  tank, 
ft 

(a)    By  means  of  manifold  drain 
line. 

Fuel  connectors. 

(1)    Used  between  cylinder  heads. 


CM  "A''  IG  ..4.1 
STUDENT  ACTIVITY 


(a)    To  bridge  the  gap  between 
each  inlet  and  outlet 
manifold. 

ifold  drain  line. 


iX)    Connects  outlet  fuel  manifold 
.     with  fiiel  supply  tank. 


j.  Piping. 


(D    Returns  fuel  from  fuel  pump 
cooling  kit  to  fuel  supply 
tank. 


(a)    Usually  routed  to  manifold 


drain  line.  , 
Pressure  -  time  hydraulic  theoty. 
1.  Pressure, 

a.    With  pipe  diameters  and  time  d'ur- 
at ions  being  equ^l,  more  pressure 
on  a  liquid  results  in  a  greater 
flow. 


820 


ERIC 


(-12  of  2A) 


J 


82i 


OUTLINE  OF  LNSTRUCTION 

2 .  Rest  ric^t  ion- 

a.    With  fluid  pressures  and  time 
*        duraticms  equal,  the  less  restric- 
tion encountered  by  a  liquid  the 
greater  will  be  the  flow. 

3.  Time.  * 

a.    With  pipe  diameters  and  fluid 
pressures  ^qual,  the  longer  the 
time  a  liquid  is  permitted  to  flow, 
the  greater  will  be  the  flow. 

E.    Parts  and  functions. 

1.    Tank  (designed  to  hold  95%  of  ptal 
capacity) . 

a.    Outlet  connection. 

(1)    Mobile  equipment*-.* 

(a)    Outlet  located  in  bottom 
of  tank. 


(?)    Stationar^^^^otpment . 

(a)    Outlet  located  in  top 
of  ta\ik.  ^ 

(3)    Sediment  area  of  one  inch 
left  at  bottom. 

b.    Location  must  be  within  specifications. 


INSTRUCTOR  ACTIVITY 


II. E.    Show  and  explain  parts 
and  functions  using  P.T.  fuel 
system  operation  and  flow  wall 
charts.  '  ^ 


822 


(1)    Refer  to  manufactuer *s 
i(istructions» 


^7/ 

CM  "A"  IG  ^.A.l 
STUDENT  ACTIVITY 


II. E.  Participate 
in  discussion. 
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OUTLINE  OF  INSTRUCTION 
3,    Fuel  filter. 

a.  Preferred  location  below  fuel  pump 
inlet . 

(1)    As  close  to  fuel  tank  as 
possible. 

(a)    No  higher  than  18''  above 
fuel  pump  inlet;  no  lower 
^t^n  30"  below  fuel  pump 
inlet. 

b.  Replaceable  type  element. 

(1)    Porous,  pleated,  chemically 
treated  paper. 

c.  Filter  housing  fitted  with  drain 
cock. 

k.    Piping  (filter  outlet). 

a;    Size  must  be  to  manufactuer spec- 
ifications. ' 

5.    P.T.  fuel  pump. 

a.    Fuel  transfer  pump. 

(1)  Gear  type,  positive  dis- 
placement. 

(2)  ,  Located  at  rea^r  of  P.T.  pump 

housing. 


INSTRUCTOR  ACTIVITY 


CM  "A'*  IG  .  .4.1 
STUDENT  ACTIVITY 


II.E.5.a.  Explain  using  wall 
chart  and/or  transparency. 


II.E.5.a.  Pick 
students  at  random  to 
re-explain  on  screen. 
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OUTLINE  OF  INSTRUCTION        _  INSTRUCTOR  ACTIVITY    ,  STUDENT  ACTIVITY 

(3)  Driven  by  main  shaft  of  pump, 
(a)    Turns  at  crankshaft  speed* 

(4)  Pump  output  capacity. 

(a)    In^-jexcess  of  largest  erfgine 
requirements. 

Pulsation  damper. 

(1)    Absorbs  pulsations  and  smooths 
fuel  flow  through  system. 

(a)   .By  means  of  internally  ^  ' 

mounted  steel  diaphragm.  / 

Screen. 

(1)  Located  at  top  of  fuel  pump. 

(2)  Equipped  with  spring  and  magnet. 

(a)    When  used  with  standafrd  , 
automotive  governor. 

(3)  Two  screens  mounted  "piggyback", 
(a)    When  used  with  MVS  governor. 

d •  Governor. 

'   •  (1)    Mechanical  flyball  type.  ,  , 

(a)    Standard  automotive  governor • 

828  /'  •  52? 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG 
STUDENT  ACTIVITY 
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(2)  Driven  by  mainshaft  of  pump. 

(3)  Maintain  sufficient  fuel  for 
idling  with  the  throttle 
control  in  idle  posi^ion. 

(4)  Cuts  off  fuel  to  the  injectors 
above  maximum  rated' RFM. 

e.    Shutdown  valve. 

(1)  Purposes. 

(a)    Stops  flow  of  fuel  to 
engine  to  accomplish 
engine  shutdown. 

'  (2)  Types. 

(a)  Manual* 

(b)  Electric. 
Inlet  fuel  manifold. 


a.    Conducts  fuel  from 
each  injector  inlet. 


pump  to 


(1)    Internal  common  manifold 

leading  to  each  injector  inlet- 
Injector.  , 
a.  Functions. 

(1)    Accomplishes  metering. 


II.E.5.e.  Show  and -pass  shut- 
down valve  to  class. 


r 

II.E.5.e.(2)  Explain  operation 
of  both. 


II.E*7, 
class. 


Pass  out  injector  to 


lI.E.S.e.  Examine 
shutdown  valve. 


I I.E. 7.  Examine 
training  aid  injector. 
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OOTLLNE  OF  INSTRUCTION  INSTRUCTOR  ACTIVITY  STUDENT  ACTIVITY 


(a)    Varying  pressures  through 
a  constant  sia^  metering 
orifice. 

(2)  Times  fuel  injection. 

(a)    Through  camshaft  and  rocker 
arm  action, 

(3)  Creates  injection  pressure, 

(a)    Through  camshaft  and 
rocker  arm  action, 

(A)     Injects  fuel, 

(a)    Downward  stroke  of  injector 
plunger , 

^    (5)    Atomizes  fuel, 

(a)    Through  multiple  orifice 
injector  cup, 

» 

(6)    Permits  fuel  circulation. 

(a)  Majority  of  fuel  flows' 
through  the  injector. 

1  ^    Cools  injector ,  » 

2 ,    Eliminates  air  in 
system, 

(b)  Annular  groove  of  plunger  ,  -  , 

permits  fuel  to  flow  from  * 
lower  drain  passage  to  '  ^ 

upper  dra:^n  passage, 
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INSTRUCTOR  ACTIVITY 


(c)    Plunger  remains  bottomed 
until  Intake  stroke. 

1>    Fuel  Is  circulating 
through  In  injector  to 
cool  Injector  and  purge 
air  from  system. 

Outlet  fuel  manifold. 

a.  Similar  to  inlet  fuel  manifold, 
(i)    Larger  in  diameter. 

b.  Carries  return  fuel  back  to  $uppLy 
tank* 

Aneroid'control  (employed  on  turbo- 
charged  engines) . 

a*    Reduces  fuel  manifold  pressure 
.  when  air  manif^old  pressure  is 
insufficient  to  completely  burn 
fuel  charge. 

(1)    Prevents  excessive  smoking 
upon  acceleration^ 

b.  Operation. 

(1)    Start  up  stroke. 

(a)    Plunger  starts  to  rise. 

1>    Approximately  20^ 
A.T.C.  of  intake 
stroke. 
H 


II. E. 9.    Use  aneroid  cutaway. 

II.E.9.a.    Have  students 
examine  cutaway. 


CM  *'A''  IG 
STUDENT  ACTIVITY 


II.E.9.a. 
cutaway. 


Examine 


II.E.9.b.    Explain  the  operation 
using  chalkboard  and  trainig 
aid. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.4.1 
SiaiDENT  ACTIVITY 
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(b)    Fuel  flows  through  dril- 
ling in  body  past  check 
ball  in  barrel,  through 
inlet  drilling  in  barrel, 
and  ax;:ound  sump  area* 

(2)  Metering.  *  . 

(a)  Plunger  continues  rising* 

(b)  Metering  orifice  un- 
covered, 

1,    Approximately  45° 
A .I.e.  of  intake 
strake, 

(c)  Fuel  flows  through  a 
constant  size  metering 
orifice  and  metered  into 
the  cup. 

1.    Accomplished  by 
varying  pressures 
from  the'P.T.  pump. 

(3)  Injection. 

(a)  '  Plunger  is  forced  down- 

ward .• 

(b)  Metering  orifipe  becomes 
covered  by  plunger. 

1>    Check  bail  is  seated 
momentarily  in  order 
to  maintain  a  solid 
^  column  of  fuel  in  bar- 
rel's inlet  drilling. 


II.E.9.b.(2)    Refer  class  to 
operations  manual,  page  1-& 
to  1-9. 


II.E.9.'b.(2-)  Participate 
in  discussion. 
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(c)     Fuel  is  forced  through 

cup  orifices  into  cylinder. 


F.    Cooling  system. 

1*    Parts  and  functions < 
a*  Operation* 


(]*)    Water  circulated  by  a  cen- 
trifugal-type pump  mounted 
on  the  gear  cover  end  of  the 
engine  and  driven  by  belts 
from  the  accessory  drive. 

(2)    Water  circulates  around  the 
wet-type  cylinder  liners, 
through  cylinder  head  and 
•  around  .the  injectors  sleeves. 

.(3)    Engine  coolant  cooled  by 

radiator  or  by  heat  exchanger. 

(4)    Heat  exchanger  and  oil  cooler 
-  are  built  as  one  in  some 
units. 

Lubricating  system. 

1.    Pai<i:s  and  functions. 

a.     Pressure^lubricated .  ' 

s  b^  Operatibn. 

(1)    Oil  pressure  is  supplied  by  a* 
'  gear  type  lubricating  oil 

pump. 


INSTRUCTOR  ACTIVITY 


II. F.  Explain  cooling  system* 
using  wall  charts. 


II.F.l.a.  Refer  class  to  page 
1-12  of  operations  manual. 


II. G.^  Explain  lubr'icating 
system  using  wall  charts. 


CM  "A"  IC  2.4.1 
STUDENT  ACTIVITY 


II .F.l.a.  Participate 
in  discussion. 


II. G.  Participate  in 
discussion. 
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OUTLINE  OF  INSTRUCTION 


c.  Parts. 

(1)    Oil  pump. 


4^ 


(a)  Located  on  t^he  fuel  pump 
^      side  of  the  engine. 

(b)  By^pass  valve. 

1.    Insurance  against 
•  interruption  of  oil 
flow  by  a  dirty  or  • 
clogged  element. 

(c)  External  oil  line. 

1 .   "Connect  oil  pump  to 
oil  pump  sump. 

(d)  Oil  header.  ' 

1.  '  Delivers,  oil  to 
moving  parts. 
^  J 

(e)  Pressure  regulator. 

1 .    Maintains  pressure 
r  o,f  ,30-50 -PSI^  .V- 


H,    Air  system. 

1.    Type  of  scavenging  system, 
a.  »Valv«-. — >j 


(1)    NH  series  engines  use  two 

exhaust  and  two  intake  valves 
per  cylinder. 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  2.4,1 
STUDENT  ACTIVITY 
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OUTLINE  Of  IXSTRUCTION 


INSTRUCTOR  ACTIVITY 


CM  "A"  IG  -.4.1 
♦STUDENT  ACTIVITY 


2.    Methods  of  scavenging. 

a,  Naturall^aspirated. 

(1)  No  mechanical  device  used  to 
assist  air  intake. 

(2)  Air  is  drawn  into  cylinders  by 
low  pressure  area  created  on 
down  st^roke  of  piston, 

b.  Super  charged  with  blower. 

(1)  Roots  blower  supplies  air  to 
engine  at  a  pressure  greater 
than  atmospheric* 

(a)    Regardless  of  engine  speed, 

(2)  Blower  turns  approximately 
1.8  to  1  ehgine  speed. 

(a)    DrJ^^n  by  engine  gear 
train ♦ 

(3)  As  engine  speed  increases. 

'  (a)    Air  pressure  increases. 


C.    Super  charged  with  turbo, 


84u 


II.H.2.b.  Show  film  //985566M,  II.H.2.b.  Critique 
"Turbocharger".  film. 


ERIC 


(1)  The  energy  contained  in  exhaust 
gasses  turn  the  turbine  wheel. 

(2)  Comf^ressor  wheel  mounted- to 
same  shaft  as  turbine  wheel. 

(^)    As  energy  of  exhaust  gasses 

increase,  turbine  and  compressor 
wheel  speed  increases. 


U:  of  24)^ 
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INSTRUCTOR  ACTIVITY 


(a)    Thereby  increasing  air 
pressure  supplied  to 
engine  cylinders ♦ 

(4)    Speed  of  turbo  not  regulated  by 
engine  speed. 

3.    Cooling  and  lubrication  of  turbocharger . 

a.  Cooled  by  engine  coolant. 

(1)    Engine  water  pui^  provides 
flow  of  coolant  to  -and  from 
turbocharger . 

b.  Cooled  and  lubricated  by  engine 
lubricant. 

(1)    Engine  lubricant  has  a  dual  . 
purpose. 

(a)    Provide  adequate  lubrication 
for  bearings  'and  moving 
parts.  ^ 

t  ^     (b)    Carry  away  heat  from 

turbocharger* ' 


CM  "A"  IG  2.4.1 
STUDENT  ACTIVITY 


Ill-r    Application.  . 

Yfe^'alircftetflc, '  Ktai^rr^run^attd  secure-  the. 
CuEimins  NH  250  diesel  engine  while  monit- 
toring  instruments  and  interpreting  read- 
ings.   All  performance  shall  conform  to 
^>        manufacturer's  recommendations  without 
error  as  specified  in  the  Job  Sheet. 


^  UI.A^   DirecW^  supervise  and 
evaluate,  students' on  prestart 
check,  starting,  running, 
securing  and  Insttument  moni- 
toring.   Their  performance 
mus4:  conform  to  ma^nufacturer 's 
recommendations, without  error. 


Ill, Ait  PrestartTchetfk-,  ^ 
start,  run,  monitor 
instruments  and  secure 
Cummins  NH  250  follo\fing 
job  sheet  and  manufac- 
turer's recommendations 
without  error. 
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OUrm<£  OF  INSTRUCTION 
IV.  Sunfnary. 


A. 

Cummins  diesel  engine 

B» 

Prestart  check. 

C. 

Fuel  system. 

D. 

Cooling  system. 

£• 

Lubricating  system. 

F. 

Air  system. 

Test: 

INSTRUCTOR  ACTIVITY 


CM  "A'*  IG  2.4.1 
STUDENT  ACTIVITY 


A.    Material  from  this  lesson  will  be  covereH 
in  the  end  of  unit  written  examination. 


84m 
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NAVAL  CONSTRUCTION  .TRAINING  CENTER 
PORT  HUENEME,  CALIFORNIA  93043 

Construction  mechanic  "a"  school  training  course  A-610-0022 


846 


Classification:    Ikiclassif  ied 
Topic  :    Cunmins  Diesel  Engine\  Maintenance 
Average  Time:    8  Periods  (Cl^ss) 12  Periods  (Pract) 
Instructional  Materials: 
A.  Texts: 

1.  Cummins  Tune-up  and  Troubleshooting  Bulletin, 
No;  983643-GE,  Cummins  Engine  Co.,  Inc. 

2.  Cummins  Diesel  Engines,  Construction, 
Industrial,  Industrial  Firepump,  Logging, 
muing.  Railways,  Generator,  Operation  and 
Maintenance  Manual,  Bulletin  No.  983711-OE, 
Cummins  Engine  Co.,  Inc.,  Columbus, 
Indiana  4720Jr-<portions  of  entire  manual). 

3.  Aneroids,  Cummins  Bulletin  No.  985608-R, 
Cummins  Engines  Co.,  Inc.,  Columbus, 
Indiana  47201,  (portions  of  entire  manual). 

4v    The  Principles  of  a.  Mecjianical  Governor, 
^    ^         Bulletin  No.  "^83801^^11^ 

Inc.,  (portions  of  entire  booklet). 

5.    Operation  and  Adjustment,  P.T.  Fuel 
System,  Bulletin  No.  983438-A,  Cummins 
Engine  Ctf . ,  Inc.,  (portions  of  entire 
manual) . 


er|c  ... 


B.    References:  None. 


Terminal  Objective:    Upon  completion  of  this  unit 
each  student  will  be  able  to  operate  and  service 
the  Cummins  NH  250  diesel 'engine' while  using  applic- 
able handtools,  special  tools  and  shop  equipment. 
Specifically,  he  will  operate  a  Cummins  diesel  and 
service  the  fuel  system,  cooling  system,  and  scavenging 
system.    All  tasks  will  meet  manufacturer's  Spec- 
ifications and  recommendations  without  deviation  as 
specified  in  Job  Sheet  CM  ''A"  JS  2.4.1.1,  Maintenance 
of  Cummins  NH  Diesel  Engines.  , 

Enabling  Objectives:    Upon  completion  of  this  topic 
each  student  will  be  able  to  service  a  Cummins  NH  250 
diesel  engine  Vhile  using  appropriate  handtools,  ^ 
special  tools  and  shop  equipment.    Specifically,  he 
will  service  the  fuel  system,  cooling  system, 
lubricating  system  and  scavenging  syst^.    All  tasks  ^  ^ 
will  conform^  to  manufacturer's  specifications  as 
specified  in  the  Job  Sheet  CM  "A''  JS  72. 4. 1.1 
"Maintenance  of  Cummins  NH  Diesel  En^nes",  without 
deviation. 

Criterion  Test:    Service  fuel  system, -cooling  system, 
Rubrica  ting  .system  and '^scavenging  system       Cummina  . 
NH  4iesel  engine.    All  tasks  to  conform  to  manufacturer 
sp^ifications  as  specified  in  the  job  sheet  without 
deviation.  , 

Homework:  Study: 

1,    Cummins  Diesel  Engines  Operatici'n  and  Maintenance 
Manual,  Bulletin  No.  983711-OE,  Sec.  2,  3  and  4.  • 
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Tools,  Equipment  and  Materials: 
!•  Tools. 

a.    Diesel  engine  hand tools. 
^     b.    Cummins  diesel  engine  special  tools. 

c.    Diesel  engine  shop  equipment.  ^ 
2.  Equipment. 

m 

a.  Major. 

(1)  Cummins  NH  25^0  diesel  engine  (6  each) 

(2)  *  Cummins  P.T.  fuel  injection  pumps 
(12  each). 

3'.    Materials  (consumable) . 

a.  Cleaning  solvent.*^ 

f 

b.  Diesel  fuel.  ^ 

c.  Erigine.  oil.  "      ■ / 

d.  Wiping  rags. 

e.  ■  Fuel  "filters, 

^     t         »  ♦ 

f.  bil  fifters. 

.    g.    Air  filters.      .  -  "  ^ 


r 
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Training  Aids  and  Devices: 
1.  Films:. 

,a.    OPE-Otil,  "Operation  Hour  Glass",  Cummins 
Engine  Co ,^(27  min.) 

2*  -Charts.   


 •  —   ^  -  - 

a.  Engine  Coolfng  System,  side  view  CCumtains) 
/. 

b.  Engine  Cool/ing  System,  end  view  (Cummins). 

c.  Engine  Lubxkcating ^System^  side  view 
(Cummins) . 

d.  Engine  Lubricating  System,  end  view 
(Cummins) . 

e.  P.T.  Fuel  System  Flow. 

f .  P.T'.  Fuel  System  Operation. 

3.  "  Locally  Prepared  Materials. 

a.    J^b  Sheets.  / 

(1)    CM  "A"  JS  2.4.1^1,  "Maintenance  of 
Cummins  NH  Diesel  Engines", 

4.  DWices.  ;  ^ 

7 

a-    Cummins  P.T.  Pump  (cutaway).  ' 
Training  Aids  Equipment: 
L.   '16ram 'sound  projector. 
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OUTLINE  OF  IHSIRUCTIQN 
I.     Introduction  to  the  lesson. 
A.    Establish  contact. 
1  •    Name : 

2.    Topic:  *^  Cummins  Diesel  Engine  Maintenance 


TRUCTOR  ACTIVITY, 


^""^TRUCTO 


CM  ^*A" 
SlUDENT 


IG  l.^.lx 
ACTIVm 


B.  Establish  readiness^ 
•  ^   1.  Purpose. 


2.  Assignment. 
/ 

Establish  effect. 
1.  Value. 

a*    In  this  lesson  you  will  have  the^ 
opportunity  to  put  into  actual 
use  the  various  knowledge  lessoi^s  , 
that  have  been  previously  presented. 

Servicing  the  Cummins  NH  engine 
S      should  be  the  highlight  of  this 
^  unit,  especially  now  thatj  so  many 

Cummins  engines  are  in  the  bat-  ' 
•talions,  and  it  becomes  very* 
probable  that^  this  will  be  a  large 
part  of  your  assigned  job  at  yo^E^ 
next  duty*  station. 


I. A.  Introduce  self  and  topic. 
I.B.    Motivate  student, 


vl] 


I.e.  Bring  out  need  and  vdlue 
of  material  being  presented. 
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OUTLINE  OF  IMSTRUCTION 


A.    Servicing  the  Cunnnins  NH  diesel  engine, 

i.    Faetors  determining  maintenance 
intervals, 

2.    Operating  conditions. 


(1)  Temperature, 

(a)  Excessive  heat, 

(b)  Exce^ssive  cold. 

(2)  Atmospheric  conditions, 

(a)  Damp. 

(b)  Dusty, 

(c)  Corrosive  (salt  air) , 
Usage,  • 

(1)  Light  or  intermittent. 

(a)  Stop  and  go, 

(b)  Long  idling  periods, 

(2)  Heavy  use, 

(a)    Heavy  loads  -  constant 
lugging. 


INSTRUCTOR  ACTIVITY 


'cm  "a"  IG  -.4.2 
STUDENT  ACTIVITY 


II, A.    Show  filmOPE-001, 
'•Operation  Hour  Glass", 

II , A , 1 ,  Review^highlights 
of  movie. 

Issue  operation  and  main- 
tenance  manual  i?983711-QE, 


\    ^,  ^  « ^  ^ 
II, A,    View  film. 


II .A, 1,    Open  manual 
as  jliyected  by  instruc 


Direct  students  to  proper 
page. 


tor, 


1 
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(b)    Multiple  daily  shifts, 
c.    Schedule  basis. 

(1)  Fuel  consumption. 

> 

(a)    Most  accurate. 

(2)  Hours  operated. 

(a)    Sets  maximum  limits. 

(3)  Mileage. 

(a)    Highway  equipment . 
2.  '  Lubricating  system  maintenance. 

a.  Change  oil. 

(1)    Consider  conditions  and  type 
filters  employed* 

(a)  Combination  of  by-pass 
with  full  flow-  filters 
extends  change  intervals. 

b.  Change  filter  (with  oil)  .  ^ 

(1)  Bag  type. 

VJ  (a)    Replace  -  do  not  clean. 

(2)  Screen  type. 


INSTRUCTOR  ACTIVITY 


CM  "A''  IG  2, A. 2 
STUDENT  ACTIVITY 


II. A. 2.    Direct  students  to 
operation  and  maintenance 
manual,  page  2-6. 


II. A, 2.  Open  mapua 
as  directed « 
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(a)    Cleanable  -  rep.ort  any 

•metal  particles  in  filter. 
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(3)     Element  type. 

(a)    Usually  found  on  by-pass 
filter. 

Fuel  system  maintenance.  _   

a.    Tank.  ■  ,  / 

(1)  Drain  sediment. 

(2)  Fill  daily, 
l;^  Filters. 

(1)  Drain  according  to  conditions. 

(2)  Chang:^  elements, 
c*    Fuel  pump. 

(1)    Clean  screen  and  magnet. 
.  d.  Injectors* 

(1)    Clean  ln|et  screen. 

(2>    Reverse  flush. 

Q)  Adjust. 
Cooling  system  maintenance, 
a.'  Adjust  drive  belts ,> 

(1)    Pump  mounted^an. 


INSTRUCTOR/CTIVITY 


II^rA^3.    Direct  students  to 
proper  page  in  operation  and 
maintenance  manual . 


CM  "A"  IG  2.4.2  ^ 
STUDENT  ACTIVITY 


il.A.4.    Direct  students  to 
proper  page  in  operation  and 
maintenance  ma^nuaX. 
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I I. A. 3.  Open  manual 
as  directed. 


TI.A.4*  Open  manual 
as  directed. 
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INSTRUCTOR  ACTIVITY 


CM  "A"  IG.  2.4^.2 
STUDENT  ACTIVITY 


erJc 


8b'(j 


I 


(a)    Eccentric  mounted  water 
purap. 

*      ,  *  * 

1.    Rotate  water  pump 
body  in  bore. 

(2)    Bracket  mounted  fan,        .  ^ 

(a)  ..  Adjust  pump  belts  as  above. 

(b)  Adjust  fan  belts  with 
.bracket  adjusting  bolt, 

NOTE:    New  belts  must  be  readjusted 
'  -af ter  2  hours  operation.  Deflection 
depends  on  belt  thickness  and  span  - 
use  manufacturer's  specifications. 

b.  Fan  hub  pulley. 

(1)  Tighten. 

(2)  Lubricate, 

c.  Cleaning  system. 

(1)  Drain  and  flush. 

(2)  Check  hoses. 

(3)  Clean  ft^iator  externally. 
Air  system. 

a.    Preoleaner  -  construction 
equipment. 


II<A.5.    Direct  students  to 
proper  page  in  operation  and 
maintenance  manual. 


II. A. 5.    Open  manual 
directed . 


i 
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INSTRUCTOR  ACTIVIT\' 
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Air  and  vapor  line\onnecGions. 

(1)    Check  connections  for  leaks.  <  ' 

Air  cleaner.  ^ 

(1)  Oil  bath .  .         ,  _ 

*"  .  '        >  ^ 

(a)  Check  oil  level  daily. 

(b)  Change  oil  and  clean^raesh, 
1^''  Dry  mesh  thoroughly. 

(2)  Dry  type. 

(a^.-  Clean  with  air  only. 

(b)    Check  for  holes/  J 

(3)  "   Composite  type.  ^  ^ 

(a)  Clean  dust  cup  daily. 

(b)  Clean  cyclone  funnels. 

(c)  Clean  dry  element.  ^ 
.  1^   With  compressed  air.^ 

2.  .No  holes  permitted. 
Crankcase  ventilation. 
■  (1)    Oil  bath  type. 
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.  INSTRUCTOR  ACTIVITY 


CM  "A".IG  2. 4. 2 
STUDENT. ACTIVITY^ 
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(a)  Oil  level. 

(b)  Clean  screen  (solvent).  ■ 

(2)  Horsehair  elements  -  uurbocharged 
engines* 

(a)    Cleati  with  sol\rent  and 
.  '     compVfessed  air. 

(3)  Paper  element. 

'  (a)    Chemically  treated.' 

.(b)    Naturally  aspirated  eftgines 
only. 

(c)  Caiviot  be  cleaned. 
General_jna1  nt.enance^^^  .> 

a.  Starter.  . 

(1)  Oil  with  30  weight  oil. 

(2)  Blow  dust  out  of  housing. 

b.  Generator. 
(1)    Oil  with  20  weight  oil. 

«' 

c.  Linkages.  *  * 
(1)  Lubricate. 


IJ.A.6.    Direct  students  to  the    II. A. 6.    Open  manual 
proper  page  in  operation  and         as  directed, 
maintenance  manual. 


(2)    Check  for  binding. 
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INSTRUCTOR  ACTIVITY 


CM  "A!'  IG  ■  I 
STUDENT  ACT  ITY 


,d     Tighten  all  nutB*  and  bolts, 

•"♦^(1)    Do  not  exceed  torque  spec- 
ifications. 


e.  Check  for  leaks, 

f.  Wipe  engine  clean, 


(1)  Wins  operator^  respect  anjl 
"  cooperation. 

(2)  Shows  poncern  and  goo'd  attitude, 

(3)  Aids  in  locating  leaks  and 
loose  parts. 

III.  Application. 

A.    Service  fuel,  cooling  system,  lubricating 
system,  and  scavenging  system  of  Cummins 
NH  diesel  engin^.    All  tasks  to  conform  -  • 
to  manufacturer's  specifications  as 
specified  in  job  sheet  withonr  deviation.  \ 

IV.  Summary.    '       ^  \  . 

A.    Fact9rs  determining  maintenance  intervals. 
Lubricating  system  maintenance. 

C.  Fuel  system  maintenance.  .  , 

D ,  Coolipg ,  system  maintenance 
£.    Air  system  maintenance. 

F-    General  maintenance. 


III. A,   Direct',  supervise  and 
evaluate  students^perf ormanc^ 
in  conducting  maintenance  .to 
the  Cummins  NH  diesel  engine. 
Student  •muE^t  perform  without 
'deviation  from  Jab  Sheet  j 
CM  "A"  JS  2.^4.1.1. 


Y.     rest:    Administer  o.nd  o'f  unit  test. 


V. A. ^'Administer  written  exam, 
set  time  limit'. 
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III. A.    Perform  gervice 
to  fuel  system,  cooling 
system,  lubricating 
system  and  scavenging 
system  ojc  the  'Cummins 
NH  diesel  engine     /  , 
following  Job  Sheet 
CM  V  JS  2.4.1.'l. 
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*  .MODIFICATIONS 
q7.^.  /    ^  o?.^«  oL  of  this  publication  has  (have)  been  deleted 


m 


....  i 


adapting  this  material  for  inclusion,  in  the  "Trial  Implementation  of  a 
•  Model  System  to  Provide  Military  Curriculum  Materials  for  Use  in  Vocational 
,  and  Technical  Education/*    Deleted  material  involves  extensive  use  of 

military  forms,  procedures,  systems,  etc.    and  was  not  considered  appropriate 

for  use  in/vocational  and  technical  education. 
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■  ■/ 

NAVAL  CONSTROCTION  TRAINING  CENIER  O  ^ 

PORT  HUENEME,  CALIFORNIA  930Ai 
•  CONSTRUCTION  MECHANIC  "A"  SCHOOL  TRAINING  COURSE  A-610-0022 

INFORMATION  SHEET 

TITLE:  Magnetos 

A.  Advaatages. 

1.    Reliable.  .  •  ^  • 

a.    Requires  little  maintenance.  ^ 
Self-contained  unit, 
(i)    No  external  source  of  power. 

B.  Disadvantages. 

1.  Low  voltage  for  starting, 
a.    Coming-in  speed. 

2.  Engine  usually  hand -cranked . ' 

a.    No  battery  or  charging  system  f or  jcranking,  or  lights. 
.C.    Source  of  electrical  energy. 

1.  An  electrical  conductor,  a  magnetic  field  and  the  relative 
motion  between  the  field  and  the  conductor. 

a.  Permanent  magnet  supplies' the  magnetic ^field. 

b.  Vire  coil  is  the  conductor. 

ci    Motion  supplied  by  me5:hanical  energy  of  the  engine. 

2.  Two' types' of  magnetos. 

a.    Armdture  wound.  * 

(1)  Coil^ moves  while  magnets  are  stlationary. 

(2)  Inductor  type.  ^  -  • 

\ 

(a)    Magneto  (horseshoe)  moves  and  coil  is  stationary. 
U    Rotor,  is  the  pemanent  magnet. 
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a.    Used  to  direct  the  magnetic  field  flow 
through  the  windings.    First  in  one 
direction  then  in  the  other  direction. 

D.  Transforming  device. 

1.    Coil  i^ndings.    Primary  and  secondary.    Same  as  battery  ignition 
coil. 

a.    Rapid  collapse. 

E.  •Interrupting  device. 
1.  ■  Breaker  points. 

a.    Breaks  the  primary  circuit. 

note:    one  end  of  the  primary  winding  is  connected  to 

in.,ulflted  breaker  point.    When  the  points  are  closed,  the  circuit 

the  induction  of  maximum  voltage  in  the  secondary  circuit.    The  cam 
mounted  on  either  the  armat^ure  or  rotating  magnet. 

F.  Capacitor. 

1.    Prevents  arcing  of  points,  '  ^ 

a.    Receives  surge  of  current. 

G.  Distributor  cap  and  rotor.  ^ 

1.    Similar  to  battery  ignition  system.  '  .  : 

,H.    Impulse  coupling. 

1.    Device  for  accelerating  the  moti^oh  during  cranking.  ^ 

a.  r  Parts. 

(1)  Spring ^and  ratchet.  ^  - 

(2)  Pawl  stop. 

b.  Action. 

(D*  Spring  is  wound  against  ratchet. 

(2)    When  piston  reaches  TDC,  spring  is'  trig;gered  (let  go) 
automatically. 
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(3)  Spring  flips  drive  shaft  of  magneto  with  enough  8pee<l^ 
to  produce  current  for  one  firing. 

(4)  As  engine  speed  increases  (starts)  the  coupling  is 
locked  out  and  magneto  is  driven  normally. 

NOTE:    The  impulse  coupling  provides  the  necessary  speed  of  magneto  for 
hand-starting  of  engine.    Is  normally  locked  out  at  about  100  RPM  and  is 
called  coming-in  speed. 

I.    Stop  switch  (shut-off) .  r 

1.    A  groundi^  device  of  primary  circuit  (insulated  point). 
J.    Maintenance  and  lubrication. 
'       1.    Similar  to  distributor. 

a.    Burnt  points,  faulty- condensor  or  coil,  loose  connection. 

K.    Timing.  ) 

1.    Follow  manufacturer's  procedure. 


/ 
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OSTRtBUTOR 
HIGH  TENSON 
LEAD  ROD 


F19.  J5-6I.  F9ifl}mnkM  M«rtt  fy^  FM,  foftfiof  mogntf  mogntfo. 


A  Fairbonks  Morse  type  FM  magneto  with  cover 
removed  is  shown  jitfve  Note  gear  for  rotating 

mognet  and  breaker  cam.  Theie  are  built  in  a  varie>y 
of  -  designs  for  jengines  of  various  sizes 'and  conrv- 
pression  ratios. 

riyWheel  Magnetos 

Flywheel  magnetos, shown  ^elow  are  of  the  re- 
volving magnet  type  and  are  used  extensively  for  igni- 
tion on  small  internal  combustion  engines  used  on 
.  lowh-'^nr^owers,  garden  ffyacfors,  -outboard  motors^  etcf 
feo!^;the  most  partV  ffy^benl  nnagre>Os^are  used  on  ^ 
5n&ft5 cylinder  engines,  but  are  also  used  occasionally 
3ri:ifiro  and  four  cylinder  engines. 


Sc/i«m«f/c  dlM^0m  •(  rftinf  m«ffitf  m«ffit^t. 


ARMATURI 


MOUNTING^ 
BRACKE^' 
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CONSTRUCTION  MECHANIC  SCHOOL 
U.  S.  NAVAL  SCHOOLS,  CONSTRUCTION        JS  2t'l.i.l 
P0R;T  HUENEME,  dALIFOmA  -  9,3043 

'  ^  CLASS  "A" 

COURSE  A-610-0022 

JOB  SjHEBT 

KAimNANCE  OF  CATERPILUtl  DIESEL  ENGINES 

IWrRODXTIOW: 

k.  Th«  purpose  o£  thli  job  thtet  It  to  guide  you  In  the  proper  imintetjenc 
of  the  Ceterp^ller  dlesel^ engine. 

You  vlll  perform  maintenance  end  edjuatmenta  on  the  Caterpillar 
dleael  engine, 

C.    You  vlll  accoai^llsh  thla^  ualng  aafety  precatlona,  In  accordance 
vlth  o^inufacturer^a  specif Icatlona, 

TOOLS  AND  EQUIPMEOT;      '  '  ^ 

A,  Baalc  oechanlca  hand  toola  ^  ^ 

B,  ^  Caterpillar  dleael  englnea  .  .  ^ 

1.    Model  D-342  .  ' 

.2.    Model  D- 3306  J  .         '        ,  .  ' 

COWDITIOWS;  -  ^  ' 

A,    Student  teama  of  three  (3)  atu'Senta  each  are  aaalgned  to  2  Caterp^lar 
.dleaeT  englnea  to  accdnpllsh  maintenance  procedures  for  this  engine* 

B«    Each  team  la  provided  vlth  all  required  tools  and  a. job  sheet  covering 
the  maintenance  operation  to  be  performed,^  ^ 

C,  Preceding ^the  shop  performance  all  aspecta  of  the  job  vlth  necesaary 
background  thfory  la  covered  In  the  classroom  lecture/discussion. 


0,    You  vlll  not  omit  any  of  the  steps^ln  the  procedure,  unless  told  to  do 
so  by  your  Instructor,  «  ' 

E,    You  vin  complete  all  steps  In  the  procedure  to  the  "Instructor  Chec]c'* 

point,  *  00  NOT  proceed  beyond  this  point  "until  your  Instructor  has 
4      checked  yourrvork  and  Initialed  your  job  sheet, 

: 

F*    You  vlll  follov  job  aheet  closely  and  In  no  vay  deviate  from  Its 
procedure* 
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C.    You  will  obtain  from  the  Initruccot  cUrlf Icatlon  «tep-by-8te^ 
procedur*  that  you  ar*  unfaiBlllar  v«lth. 

< 

H.  '  Undar  no  clrcus^tancea  will  you  allow  toola  b«  placed* on  the-  engine 

or  on  the  deck. 

I.  Cleanllneaa  ihould  J>e  a  natter  ofperaonal  pride  and  It-li  eiientlal 
In  the  handling  of-«nglne  parti  and  tooli,  also  the  area  In  which 
you- are  working,  /Therefore,  keep  handi  and  tooli  wiped  clean  and 
keep, the  area  to  which  you  are  working  clean.  • 

PROCEDURES; 

NCfE:    All  performance  will  conform  to  manufacturer's  ipec^flcatloni 

without  deviation,  '  \^ 

1,  'preitart  checks: 

a.  Diesel  fuel  supply  (full)  ^ 

b.  Gasqll'ne  supply  (full) 

c.  Radiator  coolant  level  (above  baffle  plate). 


) 


d.'  Check  all  expoaed  moving  parts  to  _lnsure  ,that  they  are  free 
of  obstruct Ions  and  that  all  personnel  are  clear. 


e.*  Chick  oil  levels:  '  '  •       '  ' 

]   '    ^       (I)    Starting  tnglM  oil  level  (operating  range), 
(2X    Dteiel  engine, oil  level  (operating  range). 
1.    Start,  run,  and  lecure  engine:    Inetructor  Check  Pointy 

a.  Poiltlon  control! •  ^  .  ^ 
(1)'  Cosnpreis ion  release  In  start  poaltlon. 

C2)    Starting  englnfe  transmission  In  high  range. 
^   (is)    Diesel  engine  throttle  In  closed  position. 

*  I 

b.  Open  gasoline  fuel  shut-off. 

c.  Position  starting  controls. 

(1)  Idle  latch  engaged. 

(2)  Position  choke  as  necessary. 
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(3)    Magneto  twitch  on,    Inttructlon  Check  Point  ' 

v.        Crfnk  itartlng  onglnt 

(I)    Us^  iafe  crankLng  technique,    (Crenic  through  tpp  arc 
\       of  travel  only*    Do  not  wrap  thumb  around  handle), 

e,  Wa^m  up  starting  engine,  .(tun  3  to  5  .minutes  before  engaging 
*     to  main  engine),  ^ 

f.  Release  Idle  latch  on  starting  engine, 

g,  Starting  dlesel  engine,  -  . 

(1)  Engage  8t»rtlng  exiglne  pinion  and  clutch. 

(2)  Crank  dlesel  engine  until  oil  and  fuel  pressure  Is  In 
operating  range,  jlnstructor  Check  Point 

(3)  Place  compfesslm  release  lever  iti^Run  position, 
throttle  lever/ In  approximately  1/2  position,  (operation 
performed  simultaneously),  t 

h.  Operating  dlesel  engine  f 

(1)    Close  gasoline  fuel  shut*off  valve  to  smarting  engine^* 

.<2)    JLllov  starting  ejiglnW  to  run  until  gasoline  supply  In 
carburetor  Is  depleted, 

(3)  Allow  dlesel  engine  to  run  until  temperature  Is  In 
operating  range,. 

(4)  Secure  dlesel^ engine.    Instructor  Check  Point 


3,    Adjustment  of  starting  eng 


valves. 


a.  Position  engine  with  spark  plugs ^removed  TDC  Compression  for  * 
cylinder  to  be  adjusted,  * ^ 

b.  Adjust  valves  to  ,008  hot  -  Intake  and  exhaust)  (,007^ Go,  ^ 
*      #009"  No  jS#), 

*  Instrufctor  Check  Point 

♦ 

4,    GAp  spark  plugs:  * 
a,    Gapt  ,030"  using  wire  gauge,  ^ 


Instructor  Check  Point 


(I)    Gage  should  pass  through  plug  gap  with  allgjit  drag,^ 


(3  of  6) 


o  /  u 


ERIC       *  '  375 


,  J8  2,l.Ul 

5.    M»gnet.-5  <«rvtc#,    (Sttid«nt  t«i»ov«  mtgntto  <r<j[m  itarttng 
•nglnt,    R«mov«-dtitrtbi^tor  cov«r  from  magntto),^ 

4.    Cleaning,  ln«p«ctlon,  and  adjuitntnt,  . 

(1)  Clean  dtitrlbutor  cap  of  all  carbon  duat,  ^ 

(2)  Inipect  for  cracks  and  broken  tenainali. 

(3)  Inspect  contact  points  for  damage. 


f 


(4)  Adjust  contact^ points. 

(a)  .  Position  rubbing  block  on  high  part  of  cam, 

(b)  Adjuit^olearance  to.  .015"  (014"  Go,  016"  No  Go). 

InatrucfOryfCheck  Point   

'     .'  \      ,  ■ 

(5)  Install  distributor  cover, 

T),    Timing  magneto  to  atartlng  engine, 

(l)    Install  magneto  with  "X"  marlf  on  magneto  impulse 
/coupling  aligned  with  "X"  ma^'^on.  engine  drive, 


Instructor  Check  Point  

J       (2)    Tighten  mounting  bolts,  .  ^ 

•  ■-  ' 

6,    Adju^ment  of  dlesel  engine  valves:  ' 

a.  Remove  valve  covers.  ^     -  " 

b.  ~  Position  >1  cylinder  TDC  Compreatlon  observing  valve  ^ 

action. 

(1)  Val^  clearance  Intake  |ind  exhaust  .016"  r  (.015  Go  - 
^  .OirNo  Go). 

(2)  Compresalon  release  -  .027"  (.026  Go  -  ,028  No  Go)  - 
Instructor  Check  Point   - 

c.  Continue  valve  adjustment*  following  firing  order.- 
Instructor  Check  Point 

d.  When  adjustments  are  complete  Install  valve  covers,  spark^ 
  plugs  In  starting  enjj.ne  and  wire  magneto. 
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7,    Adjust  starting  tnglnt  clutch: 


a«    Adjust  for  dt flat ts  ov«r-cttit«  IMP  -  Too  loott 

Too  tight 


Instructor  Check  Point 
Z.    Bleed- fuel  syste^i: 

With  dlesel  engine  being  cranked  by  starting  engine, 
•  perform  fuel  sysjtea  bleeding  procedure, 

(1)  Open  lover  bleed  valve  on'  filter  housing,  leave 
open  until  solid  stieam  of  fuel  flows.> 

(2)  Open  upper  bleed  valve  on  filter  .housing.  Leave 
open  untj^l  solid  streaa  of  fuel  flows. 

(3)  Open  fuel  pump  vent  valves  until  solid  flov  Is 


^         observed  then  close  valves. 


Instructor  Check 'Pointy 


9.    Cooperation  with  team  mate: 

m.    Gives  and  takes  directions  equally  well. 
'  b.    Correctly  Interprets  Instructions. 
\^  CoMnmicates  in  a  friendly  manner. 

d.  Provides  timely  suggestions  and  assistance  to  team  effort. 

e.  Performs  efficiently.  ,  - 
Instructor  Check  Point 

10.    Use  of  tools:  ' 


a.  Accurate  tool  selection. 

b.  Safe^appllcation  of  tools. 

c.  Reading  and  interpretation  of  special  tools  and  measuring 
in^ruaents. 


Instructor  Check  Point 
Shop  safety: 

a.  Handling  of  fuels.  . 

b.  Handiing  of  lubricants. 
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e.  Handling  of  batttrlti.  ^  ■ 
d.    Good  houi«k«tpinxt' 

«.    Obtorvtt  pei.ttd  laftty  pr«e«ueioni. 

f.  Conform  to  sucking  rtgiUtloDi. 
go    Ko  aky larking. 

Instrubtor  Ch«ck  Point  ^ 
12 «  Attltudt: 

«o    Altrtntis  and  Inttreit  In  training  iltuation  at  hand. 

b.  Oliplays  a  gtnulna  dtilra  to  partlclpatt. 

c.  Motlvattd  towards  Itaming. 
' Instructor  Chack  Point  '  ' 
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NAVAL  SCHOOLS  CONSTRUCTION 
PORT  HUENEME,  CALIFORNIA  93043 
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•TITLE: 

MAINTENANCE  OF  INTERNATIONAL  UDT  429  DIESEL  ENGINES 
Introduction 


A.  The  purpose  of  this  ^ob  sheet  is  to  guide  you  in  the  proper  maintenance 
of  the  International  Diesel  Engine, 

B.  You  will  perform  maintenance  and  adjustments  on  the  International  Diefeel 
Engine. 

C.  You  will  accomplish  this^^^^asing  safety  precautions,  in  accordance  with 
manuf acturer'^s  specifications.  ' 

Tools  and  Equipment 

# 

A.  Basic  mechanics  handtools 

B.  UDT429  International  Diesel  Engines 

Conditions  *      >   ^  * 

A.  Student  teams  of 'three  (3)  students  each- are  assigned  to  an  International 
Diesel  Engine  to ^accomplish  maintenance  procedures  for  this  engine. 

\ 

B.  Each  team  is  provided  with  all  required  tools  and  a  job' sheet  covering 
th^ maintenance  operation  te-be  performed. 

C.  Preceding  the  shop  performance  all  aspects  of  the  job  with  necessary 
background  theory  and  demonstrations  by  the  instructor  are  covered  in 
the  classroom  lecture/discussion.^  ^ 

D.  You  will  not*  omit  any  of  the  steps  in  the  procedure,  unless  told  to  do  so 
by  your  instructor. 

r 

E.  You  will  complete  all  steps  in  the  procedure  to  the  "Instructor  Check"  point. 
DO  NOT  proceed  beyond  this  point  until  your  instructor  has  checked  your 
work  and  initialed  your  job  sheet. 

F.  .Follow  job  sheet  closely  and  in  no  way  deviate  from  its  procedure.  -  , 

t 

G.  Obtain  from  the  Instructor  clarification  of  step  by  step  procedure  that 
you  are  unfamiliar  with. 

H.  Under  no  circumstances  will  you  allow  tools  to  be  placed  on  the  engine  or  on 
the  deck.  '  ^  * 
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°*  ?i!*hi^!!ff*  "^f""  ?*  •  5^  personal  pride  «nd  it  i.  ewential  in 

the  handling  of  engine  ptrta  and  tooU,  also  the  area  in  which  you  arc 

■        Inltlt  '"^'^  keep  tL  are. 

In  which  you  are  working  clean.  . 

^octdure*: 

NOH:  All  performance  will  conform  to~manufacturer' a  apecificationa  wlthot*  • 

A.  Service  Dry  Type  Air  Intake'I^lter  System  ^ 
I*  Air  intake  cap  and  screen 

2*  Air  filter  element 

a.  Clean  with  compressed  air  or  shake  and  wipe  clean.  ^ 
Instructor  check  poi^nc   

B.  Adjustment  of  Valves  '      %  ' 

Adjust  valves  with  engine  cold 

2.  Throttle  control  and  shut  down  in  no  fuel  position 

3.  Remove  valve  rocker  arm  cover 

4. -  Rotate  engine  until  number  one  piston  is  on  "TDC"  conpreasion  stroke 

a.  Timing  pointer  on  the  front  cover  is  in  line  with^toc  mark  on 
the  vibration  dau^jer. 

b.  Pistori  is  on  compression  stroke  when  the  push  rods  are  loose  and 
can  be  turjjed  easily;  also  rocker  arm  action  on  buddy  cylinder  can 

V,,,^^^    be-«observed.  '  . 

> 

Instructor  check  point   

5;  Adjust  gje  valves  of  .012"  go  and  .014"  no  go  on. the  intake  valves  and  for 
_     .U2<»    go  and  .026"  no  go  on  the  exhaust  valves. 

^'  ""J"*  adjustu^nt -following  the  engine  firing  order  and  using 

the  buddy  throw  method  for  determining  TDC  compression  stroke. 

Instructor  check  point 
C.  Turbochar&er  Inspection  -  ,  ; 

^*  ^^Yd  «^hau8t  pipe  and  air  inltt  pipe 

2.  Remove  turbine  and  compressor  covers  '  * 

3.  Iz^^pect  compressor  and  turbine  whe6l8 

a.  Check  for  soft  ^rbon  deposits;  dirt  bAld  up',  damged  blades  " 

interference  or  excessive  tnd  play  ; 
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4.  Clean  with  «  coarae  brush;  do  not  bend  or^  dareaRe  the  blades  on 'the 
wheels  '    ^  n  • 

5.  Rir|>lace  covers;  malntalnlni^  original  allgnoent;  use  care  on  '*0"  ring 
seals.  ' 


Instructor  check  point 


6«  Check  connections  .to  turbocharger;  jmtst  be  air  tight 

7.  Battery  connection 

Service  the  Crankcase  Breather 

1-.  Remove  two  bolts  which  secure  breather  pipe  to  crankcase 
2.  Remove. breather  element  from  crankcase 

a.  Wash  ^n  solvent  •  / 

1).  Dry  thoroughly 

» 

C.  Check  breather  pipe  to  be  sure  it;  is  not  plugged  or  restrictsd 
Instructor  check-point  . 


3.  Reinstall  element ,  breather  pipe  and  bracket 

Pre-'Start  Checks,  Starting,  Operating  and  Securing  the  Engine 

1.  Engine  lubricant 

a.  Bayonet  gauge  marked  on  both  sides 

b.  Engine  running  ^„ 

c.  Engine  stopped  / 

2.  Checking  Crankcase  oil  level 

M.  Engine  stopped  -  wait  for  oil  to  drain  into  crat^Mse  before  checking. 

b.  Engine  running  -  Loosen  oil  filler  cap  to  vent  crankcase  and  provide 
balanced  pressure  and  operate  engine  at  low  idle, 

.Instructor  check  point   ,  

3.  Coolant  '  -  '  . 
a.  One  inch  above  baffle  . 

4.  Diesel  Fuel  -  Pull  ^ 
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5.  Flush  vAtar  trflp 

Retaove  drain  valve  tn  water  trap  top 

b.  Reinstall  drain  valve  when  all  Water  and  sedloent  hai  been 
flushed  from  the  water  trap 

NOTE:  Do  not  close  the  fuel  shut«dff  valve  or  open  any  vents  when 
flushing  the  water  trap 

c.  Use  the  electric  priming  pump  to  flush  the  water  trap  when 
the  fuel  tank  is  lower  than  the  water  trap. 

Instructor  check-point 

6.  Check  moving  parts  for  obstructions 

a.  Tools 

b.  Rags 

c.  parts 

d.  Personnel . 

e.  ^ Bar' engine  through  at  least  two  (2)  turns 

(1)  Observe  safety  precautions 

7.  Battery  connection 

a.  Check  generator  regulator  for  correct  polarity  and  voltage 

b.  Check  specific  gravity,  above  1250  spg. 

c.  Clean  all  terminals,  tighten  all  connections 

d.  Fasten  the  aground  connection  last^  ^ 
Instructor  check  point  - 

8.  Starting 

a.  Throttle  control  *  , 

b.  Depress  button  in , center  of  engine  throttle  control  knob 

— -   ^  '        /  '  '  . 

c.  Pull  knob  all  tie  way  out  - 

d.  Push  knob  back  in  until  it  is  ^bout  one-quarter  way  out 

9.  Starting  switch 
a.  Turn  starting  switch  all  the  way  %o  the  right  to  the  "ST'  petition 


NOTt-  Crank  ertgltf  for  30  wcood*  at  ft  tlm*.  Allow  th*  cr.nktng  motor 
to  cool  two • or  thr««  minute*  befor*  cranking  «8«ln 

b,  St«rt  engine 

^    NOTE.  Allow  the  engine  to  run  at  800  to  1200  RPM  for  5  to^lO  «inute. 
to  Hlow  thorough  distribution  of  the  lubrication  oil.  The 
engine  nuat  not  be  placed  under  load  until  normal  oil  pressure 
Is  reached  . 

10.  Operating, procedure  ,  , 

a,  Adjutt  throttle  control  knob 

(1)  Meet  load  or  speed  requirements 

Check  Instrutaents  ' 
(1)  Proper  readings 
Instructor  check  point_  ., 

11,  Securing  procedure 

ae  Operate  engine  at  half  throttle  (no-load)  for  3  to  5  minutes 

NOTE:  Serious  dawige  can  result  to  the  engine  and  turbocharger  if  the 
above  step  is  neglected 

%         b.  Throttle  control  knob 

(1)  Push  control  knob  all  the  way  in 
c.  Ignition  and  starter  switch 

<1)  Turn  switch  to  the  "off"  position 
Instructor  check  point  , — 


F.  Venting  and  Priming  the  Fuel  System 

1.  Check  to  see  If  there  Is  an  adequate  supply  of  fuel  In  the  tank 
a.  Open  shut -off  valve 

2.  Units  equipped  with  an  electric  fuel  transfer  pump 

^  a.  Turn  Ignition  "a:  d  starter  switch  to  the  "on"  position 

3.  Open  bleeder  valve  located  on  top  of  each  fuel  filter 

4.  When  clear  fuel(  no  ai>pearance  of  air)  flows  from  the  first  bleeder 
valve,  close  it.  ' 

r   .  a.  Close  the  second  bleeder  valve  as  soon  as  clear  fuel  appears. 

(•5  of  T) 
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Locatiijg  a  niisriring  cylinder         "  '  . 

'1.    Loosen^ the  nut  connecting  the  fuel  line  to  the  fuel  nozzle, 
a*.  Loosen  one  at  a  time, 

b,  'Listen  for  drop  in  engine  RH'I. 

c.  Use  a  rag  for  protection  from  fu^l  spray, 

2.    The  cylinder  which  does  not  change  engine  RPM  is  misfiring. 
Instructor  check  point  

H.  Engine  Comoression  Test 

1.  Remove  one  (l)  injection  nozzle  holder  from  cylinder  head. 

2.  Insert  proper  adapter  into  cylinder  head.^ 

a.  Secure  adaoter  in  place. 

b.  Attach  pressure  indicator  to  adapter. 
Instructor  check  point  

3.  Start  the  e;lgine.  / 

a.  Operate  engine  at  1,000  RPM. 

b.  Check  reading  against  Mfg.  specif icationjs. 

c.  Check  other  cylinders  in  the  same  manner  and  record. 
Reinstall. each  nozzle  assembly  aftef^checking  comnression. 

•  •  -I 

5.    Compare  all  .readings  -  To  determine  engin^e  condition. 
*     r  Instructor  check  Doint  

I.  High  Idle  Adjustment. 

^      1.  ^  Disconnect  throttle  linkage  to  the  pximp. 

2.    Hold  throttle  lever  all  the  way  back  to  the  rear. 

^        3.    Adjust  high  idle  stop  screw  until  specified  high  idle  speecl  2^00  3HI 
is  obtained. 


k.  ^  Connect  tlirottle  ^nkage. 
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Low  Idle  Adjustment  ^  ^ 

1«  Dlaconnect  throttle  linkage. to  puisp 

If  ^  •  / 

2«  Move  throttle  lever  of  puxop  forward  until  speed  drops  to  500-600 

RPM  -  ; 

3«  Turn  the  low  Idle'  stop  fcrew  in  or  OJXt  until  the>.  low  Idle  speed 
iyf  700  RPM  la  obtained  - 

Lock  the  locking  out 

Instructor  check  point 

Fuel  System  Pressure  Tests 

1«  Transfer  pump  pressure  test 

a«  Pressure  must  fall  within  a  specified  range 

(1)  Check  is  made  under  no  load  condition  ^ 

(2)  High  Idle  speed 

(3)  Engine  thoroughly  warm^  up 

Install  4068  gauge  block  assembly  and  4072  fitting  into  the 
transfer  pump  pressure  tap 

•    (I)  Insert  4071  compound  gauge  assembly^ into  4068  gauge  block 

c.  Evaluiite  pressure  readings  against  manufacturer's  specifications 
of  75-85  p*s.i* 

Instructor  check  point 

d«  Remove  gauge  and  adapters 

2.  Suction  side  pump>  test 

a.  Restricted  fuel  supply  .  " 

b.  Install  4078  gauge  block  and  hose  assembly  in  p\mp  inlet 
c«  Insert  compound  gauge  4071 

d.  Operate  engine  at  high  idle 

e.  ReliT^gauges  f  or  vacuum  developed 

(1)  Reading  should  be  0;  with  lO'*  H.G.  maxiniim*  Interpret  reading 
according  to  manufacturer' s  specif ications*  (If  -reading  over 
10"  see  instructor)  ,  ^  " 

«» 

Instructor  checH  point     —  
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3.  Pu,el  Supply,  Atr  leak* 

Operate  engine  «t  low  i^ig 

b.  Leave  gauge  installed  in  same  location  as  fof-'suctlon  test  above  " 
«   c«  Close  fuel  tank  valve 

d.  Read  gauge  for  vacuum  developed 

e.  Reading  should  reach  at  least  20  inches  H.G.  before  engine  stalls 

f.  If  reading  less  Chan  20  inches  H.G.  isolate  the  cause.  Should  hold 
20"  ii.G.  for  several  minutes  after  engine  stops.  Remove  gauges  and 
adapters 


Inspector  check  point 


4«  Pump  housing  pressure  test 

a.  Remove  pump  timing  plate  from  puiq> 

b.  Make  a  small  hole  in  timing  plate  gasket,  if  one  is  not  already 
made,  there. 

c.  Secure  4068  gauge  block,  4072  adapter  and>077  flange  to  side  of  pump 

d.  Operate  engine  at  both  low  and  high  idle 

e.  interpret  reading  and  clfeck  manufacturer's  specifications  of  6  to  8 
p.s.i. 

Instructor  check  point  ^  


L«  Proper  use  of  tools 

1.  Accurate  tool  selection, 

2.  Safe  application  of 'tools      ^  ^ 

3.  Reading  and  Interpretation  of  Special  tools  and  measuring  instrutments 
*  4.  Care  of  tools  .and  measuring  instrutments 

Instructor  check  point          ^     >  » 
M.  CoSperation  with  team  mates    *  -.^^^—^^^  ^ 

1*  Gives  an^  taks  directions  equally  well 

2.  Correctly  interprets  instructions 
  3.  Coninin^icates  in  a  friendly  manner   _  _        _  _^ 


J 


4«  ProTldt  t lately  tuggeitlons  a[pd  assistance  to  team  effort 
5.  Performs  efficiently 

« 

Instructors  check  point   

N.  Shop  safety 

\.  Handling  of  fuels  ^ 
-  2.  Handling  of  lubricants 

3.  Handling  of  batte.ries 

4.  Good  housekeeping  '  t 

5.  Observes  posted  safety  precautions 

6.  Conforms  to  smoking  regulations  ^ 

7.  No  sky- larking 

Instructor  check  point  ^>  -  .  , 


Instructor  Note 
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U.S.  NAVAL  SCHOOLS,  CONSTRUCTION  ^ 
PORT  HT^TET  iE,  CALIFORNIA    930ll3.  i 

* 

A^lO-0022 

GEUEHAl  MOTORS  DIES3L  ENGINE  MADTCEiHANCE 
INTRODUCTION:^  ^  ' 

A.    The  purpose  of  thi's  job  sheet       to  ^uide  you  in  the  proper  maintenance  of  the 
Genei^^  I  lot  or  s  Diesel  Engine. 

3.    You  v/ill  perform  maintenance  and  adjustments  on  the  General  !Iotors  Diesel  Engine,  ^ 

C.    You  acconrolish  this,  using  safety  precautions,  in  accordance  ^rLth  manufact- 

ures soecifications. 


TOOLS  AND  EQUIPMENT: 

A.    Basic  mechanics  handtools. 

B«    General  Motors  engines 

1.  6-71  inline 

2.  6V-7I  V  T-^e 
CONDITIONS: 


9% 


A.    Student  teams  of  three  (3)  students  each  are  assigned  to  a  General  Motors 
Diesel  engine  to  accomplish  maintenance  procediSires  for  this  engine. 


B*    Each  team  is  provided  vd.th  all  required  tools  and  a  job  sheet  covering  the' 
maintenance  operation  to  be  performed.  % 

C.  preceding;  tlie  slLn  per^ornianee  all  aspects  of  the  jc:  vith  iiaces--:^'  *^cc''- 

^         srcund  tlioory  and^oionst  rat  ions  by  the  instr-ictcr  :.re  ^co-'e.V3cl  in  c^^zz- 
room  lecture  ^discussion. 

r 

D.  YOU  ':ILL  HOT  omit  any  of  the  steps  in  the  procedure,  unless  told  to  do  so 
by  your  inst3nictor. 

3.  YOU  v;iLL  complete  all  steps  in 'the  procedure  to  the  "Instructor  Checli"  point 
DO  NOT  proceed  ^beyond  this  point  until  .your  instructor  has  checli^d  your  vorh 
and  initialed  your  job  sheet;  \ 

.  7.    Follow  job  ^heet  closely  and  in  no  way  deviate  from  it's  proced'ure.  ' 

YOJtmL  obtain  from  the  Instructor  clarification  of  step/oy  ste^  procedure 
that  you  are  unfamiliar  wiish. 

H.  Under  no     y^n^^rr,^'r.t^^^^^^^\^^  \,X"^^  alloT/^^tools  be  placed  on  the  engine  'or  on 
the  deck.  ,    ^  ,  * 

I.  Cleanliness  should  ^e  a  matter  of  personal  pride  and  it  is  essential  m  the 
-handling-o?  engtne-part-s-and-tGolsi-  aiso^e^rea  in-4*hi3sii-yoii  are  world-ng. 

There'fore  heep  hands  and  tools  ^•ri.ped  clean  and  keep  the  area  in  uhich  you  are 

vrorlcing  clean. 
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PROCEDURE: 

NOTE:  All  performance  villi  confonti  to  mamifztcturer 's  specifications  without 
deviation  * 

A*  Pre-start  checks,  atarting,  ppwating  and  securing /^Tl"  Series^General  Motors 
Diesel. 


1.  Pre-start  checks 
F  a,  Lubricating  oil  full 

'    (        (1)  Must  be  checked  with  engine  stopped 
b,  ^iesel  fuel  (3/4  or  more  full)* 
a.  Coolant 


■  -  v.- 


(1)  1  inch  above  baffle 
,    (2)  Leave  room  for-  expansion 

d.  Position  throttle     •  -       "      '  ^ 

e ,  Emergency  shut-down  valve  '  '  ^ 
(i)  Make  sure  cable  is  pysKed  al^  the  way  in 

(a)  PullyoOt  for  emergency  shut  down  only 
f    €hecH 'Exposed  mojtUig-^rts  to  see  that  they  are  free  from  obatrticticns 

(1)  An  engine  that  has  not  been  i-n  operation  should  be  jacked  thrbugh^- 

.one  complete  turn  before  starting  to  mak^  sure  all  Engine  parts  are 

free.  ^ 
k  *  ' 

(2)  Ob^^rve  all  safety  precautions  fot  engines  used       different  ap- 
/plications.  > 

•  .  •  <■     ■  •  , 

Instruptor  Check  Point   . 

£•  Starting  the  Engine  .  ,     ,  , 

a.  Push  in  engine  shut  down  cable  ^" 

.^i/fNrurn  lgnltion^witclui:o^J!x?n' ■  .poaltim   .  ^  -  

(1)  If, equipped  with  switch 
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c.  Set  throttle  in  Idle  position 

d.  Push  starter  switch  until -engine  starts 


(1)  Never  operate  starter  for  more  thanJJO  seconds  at  otie  time. 

Instructor  Check  Point   ^  

3.  Operating  the  engine^  ^ 

^.  As  soon. as  engine^  starts,  observe  engine  oil  pressure  gauge 


(1)  If  no  oil  pressure  within  10-15  seconds^  stop  engine 

\ 

(2)  Normal  oil  pressure  is  30-60  pBi 

Run  engine  at  partial  throttle  and  no  load  for  approximately  5  minutes 
to' allow  engine  to  warm  up 

A.  Securing  the  engine 

a.  Disengage  load 

b.  Reduce  engine  speed 

(1)  Allow  epgine^^to  run  at  half  speed  or  lower  for  4  to  5  minutes  or 
until  temperature  gauge  is  on  lower  side  of  operating  range. 

(2)  Provides  sufficient  lubricant,  water  and  air  for  uniform  cooling. 
Instructor  Check  Point   ^  ^  

c.  Pull  engine  shut  down  cable  control 

»      (1)  This  places  fu^l-control  jjack  in  the  no  fuel  position 

d.  When  engine  stops  turn  ignition  switch  to  "off*,    (if  equipped) 

(1)  If  switch  is  left  "orf*  there  is  a  constant  drain  on  the  battery 
by  the  iiB  trutment  panel  indicators.  ' 


^  r  Eroergefnoy  shtrt  .dowftv  .       ^  ^ 

(X)  If  normal  shut  down  procedures  fail;  pull  emergency  stop  control  J 
out  as  far  as  it  will  go,.  \ 

(2)  Wis  stop  cuts  off  combustion  air  from  blower 

(3)  »If  emergency  3 top  is  used  it  must  be  reset  manually  at  the  blower 

before  the  engine  can  6e  restarted. 

NOTE:  This  device  is  to  be  used  only  for  emergency  shuCdownH I 
Instructor  Check  Point 
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1 .  Run  engine  Jit  Idle  speed 

2.  Depress  fallower  gn  one  injector 
a  Olsten  for  RPM  change 

 (1)  Mo  RPM  change  indicates  raj-ftflrlng  cylinder 


3.  Repeat  on  all  cylinders 
Instructor  Check  Point 


C.  Changing  Injectors:  (Refer  to  sec.  2.1.1,  page  4  of  V-71,  Detroit  Diesel 
Maintenance,  or  «ec    2.1  1.  page  A  of  In-line  71  engine  Detroit  Diesel 
Maintemncc . ) 

1.  Injectoic  Retooval: 

a.  Remove  valve  rocker  cover 

b.  Remove  fuel  pipes  from  both  the  Injector  and  the  fuel  connectors- 

c    Install  clean  shipping,  caps  on  Injector  inlet  and  outlet  and  on  the 
fuel  connectors 


ERIC 


Instructor  Check  Point   — 

d.  Crank  engine  to  bring  outer  ends  of  the  push  rods  of  the  injector  and 
valvf  rocker  arms  in  line  horizontally. 


Instructor  Check  Point 


e.  Remove  the  two  rocker  arm  shaft  bracket  bolts  and  swing  rocker  arms 
away  from  the  injector  and  valves.  . 

f .  Remove  Injector  clamp  (bolt  or  nut  special  washer,  and  clamp). 

g .  Loosen  the  inner  and  [outer  adjusting  screws  on  the  Injector  rack 
control  lever  and  sli'de  the  Uver  ^way  from  thj  iniectP?:--.        -  - 
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h.  Lift  the  Injector  from  it's  seat  in  the  cylinder  head  (use  lifting^ 
toolK 

1 .  Cover  the  Injector  hole  in  cyl^lnder  head  to  keep  out  foreign  material 
Instructor  Check  Point  ' 

2.  Injector  installation    •  '         -  * 

^    a.  To  install  Injector  reverse  the  procedure  required  for  removal 


b*- Torque  Injector  nut /bolt  to  20-25  (Lb.ftJ. 
Instructor  Check  Point.  ,  .              ,     ,  ,,t». 
c.  Torque  rocker  arm  bracket  bolt  to  90-100  (LB. ft.) 
Infttructor  Check  Point  ,  4 


Valve  Adjustment  V-6  Engine 
1.  6V  engines 

 a.  Engine  at  norm&l  operating  temper s:tufe  (160^  185^F) 


(1)  Allow  an  additional  .002^  cli^arance  when  setting  valves  cold 

b.  Governor  «top  lever  in  the  No  Fuel  position 

c.  Remove  valve  cover 

d.  Position  engine 

(1)  Rotate  the  crankshaft  until  the  injector  follower  is  fully  de- 
pressed on  the  cylinder-^to  be  adjusted* 

CAUTION:  When  using  a  wrench  on  the  crankshat  bolt  at  the  front  of  the 
engine,  do  not  turn  the  craiikshaft  in  a  lefthand  direction  of 
rotation  as  the  bolt  will  be  loosened. 

e.  Check  valve,  clearance  (normal  operating  temperature) 
(1)  U«e  .013"  GO  -  .015"  NO  GO  Method 

f .  Adjust  valve  clearance  (cold) 

(1)  'Loosen  the  push  rod  lock  nut 

(2)  Place  a  .017"  feeler  gaiuge  between  the  valve  bridge  and  the 
valve  rocker  arm  pallet 

•* 

(3)  Adjust  the  push  rod  to  obtain  a  smooth  pull  on  feeler  gauge. 

(4)  Remove  feeler  gauge,  hold  the  push  rod  with  a  5/16"  wrench  and  t 

(5)  Recheck  the  clearance.  If  the  adjustment  is  correct  the  .015" 
feeler  gauge  will  pass  freely  beti^een  the  valve  bridge  and  .va^ve 
rocker  arm  pallet.  But  the\017"  feeler  gauge  will  not  piss  through. 

g.  Ad/ust  remaining  valves  in  firing  order; 
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WIB:  SAFETY  PRECAUTIONS:  When        «  push  rod  has  been  disconnected  from  the 

rocker  arm  clevis,  the  push  rod  imist  be  screwed  back  into  the  clevis  until 
it  is  flush  with  the  threaded  portion  of  the  clevis  before  the  rocker  arm 
ia  bolted  back  in  place.  Failure  to  do  se  may  permittthe  piston  to  hit 
tiie  head  of  the  v«lve  when  the  engine  ]  s  turned  over . 

Inatructor  Check  Point  j  

B.  Valve  Adjustments  Inline 


1    Engine  at  normal  operating  temperature  (160^  -  185^F) 

a.  Allow  an  additional  .002"  clearance  when  setting  valves  cold. 

2.  Place  governor  throttle  control  lever  in ^ the  No  Fuel  position 

3.  Rotate  the  crankshaft  until  the  injector  follower  is  fully  depressed  on 
the  cylinder  to  be  adjusted. 

4.  Adjust  valve  clearance  (cold) 

a.  Loosen  push  rod  lock  nut 

b.  Place  a  .013"  feeler  gauge  between  th6  valve  stem  and  the  rocker  arm 

c.  Adjust  the  push  rod  to  obtain  a  smooth  pull  on  the  feeler  gauge. 


d.  Remove  feeler  gauge,  hold  the  push  rod  with  a  5/16"'' wrench  and  tighten 
the, lock  nut  with  a  1/2"  wrench. 

e   Recheck  the  clearance.  If  the  adjustment  is  correct  the  .011"  feeler 
gauge  will  pass  freely  between  valve  stem  and  rocker  arm,  but  the 
.013"  feeler  gauge  will  not  pass  through; 

5.  Adjust  remaining  valves  in  firing  order 

NOTE:  SAFETY  PRECAUTION:  Whenever  a  push  rod  has  been  disconnected  from  the 

rocker  arm  clevis,  the  push  rod  must  be  screwed  back  into  the  fclevls  until 
it  is  flush  with  the  threaded  portion  of  the  clevis  before  the  rocker  arm 
is  boltedback  in  place.  Failure  to  do  so  may  permit  the  piston  to  hit  tne 
head  of  the  valve  when  the  engine  is  turned  over.  ^ 

Instructor  Check  Point  ■  

F.  Injector  Timing 

1.  Use  proper  timing  tool  ^ 

a.  1.460"  -  for  S-70  and  HV7  injectors 

1.484"  -  for  HV6  injectors 


Instructor  Gh«ck  Point 
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3»  PO0ltlcn  onglnt 

a   Valves  fully  open  on  cylinder  to  ba  adjusted 

4.  Check  tlsnlng  dimensions 

a.  Dirtiance  froa  top  of  body  to  top  of  follover 

b.  Tinlng  tool  in  hole  on  top  of  body 

Cl)Ensin:e   that  there  is  no  dirt  in  hold  prior  to  inserting  tool 

c.  Hold  tool  perpendicular  to  body 

(1)  The  flat  of  the  gauge  toward  the  injector  follower 
d    Extended  portion  of  gauge  jshould  just  clear  the  top  of  follower 
(1)  Follower  too  low  -  early  injection 

5.  Adjust  follower  height 

a.  Screwing  push  rod  into  device  will  permit  follower  to  rise. 

6.  Time  remaining  injectors  in  firing  order 
Instructor  Check  Point  , 

G«  Governor  gap  adjustment  (Inline  and  V«6  engines) 

1.  To  enstnre  that  all  the  governor  spring  tension  is  being  imported  to 
the  weights  through  the  jlever  and  not  to  the  housing « 

2.  Remove  the  governor  cover 

3.  Place  the  speed  control  lever  in  the  maximum  speed  position 

4   Heastnre  gap  between  governor  spring  plunger  and  plunger  guide 
,   a.  Should  be  .006" 

5.  Adjuat^gap         ~    '    -   ^  ^  ^  ^: 

a.  Loosen  the  lock  nut  and  turn  the  adjusting  screw  until  a  slight  dtag 
is  noted  on  the  feeler  gtiage 

6.  Hold  the  adjusting  screw  and  tighten  the  lock  nut 
7    Install  the  governor  cover 

Instructor  Check  Point  , 

DTE:  Insure  that  pin  on  governor  control  lever  shaft  sets  into  slot  on  dif-* 
ferential  lever  when  replacing  cover* 
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H.  Equalizing  racks  (V-6  Engine) 

/ 

1.  Position  injection  rack  control  levers  with  the  throttle  in  the  full  fu6l 
e  *  position, 

NOTE:  The  letters  "R"  and  "L"  indicate  the  injector  location  in  the  right  or 

left  bank,  viewed  from  tte  rear  of  the  engine.  Adjust  the  Nb.  IL  injector 
rack  control  lever  first  to  establish  a  guide  for  adjusting  the  remaining 
left  bank  control  levers. 

2.  Disconnect  any  linkage  attached  to  the  governor  stop  lever 
3    Back  out  the  buffer  screw  5/8" 

4.  Loosen  all  of  the  innfer  and  outer  injector  rack  control  lever  adjusting 
screws  on  both  cylinder  heads  and  both  load  limit  device  adjusting  screws. 

NOTE:  Be  sure  all  injector  rack  control  levers  are  "free"  on  the  injector  control 
tubes 

5.  Check  for  binding  in  tte  governor  to  control  tube  linkage  by  moving 
the  linkage  through  its  full  range  of  travel  with  one  hand  on  the  stpp 
lever  and  the  other  hand  on  one  of  the  control  tube  levers. 

^.  Remove  the  clevis  pin  from  the  fuel  rod  at  the  right  cylinder  bank  injector 
control  tube  lever       *  s  • 

7.  Move  the  speed  control  lever  to  the  maximum  speed  position. 

8.  Move  the  governor  "stop  lever  to  tte  "run"  position  and  hold.it  in  that 
position  with  light  finger  pressure 

9.  Turn  the  inner  adjusting  screw  of  the  No.  IL  injector  rack  control  lever  ^ 
down  until- a  slight  movement  in  the  governor  stop  lever  is  noted. 

10  Screw  outer  screw  in  until  It  bottoms  lightly  on  the  injector  control  tube. 

4 

a.  Tighten  inner  and  outer  screw  alternately 

11  Move  the  governor  stop  lever  back  arid  forth  a  few  times  and  tiote  a  "rotating" 
*  movement  6f  the  ^Injector  control'  rack  when  the  stop  lever  is  moved  to  the 

"run"  position. 

-    12..  Hold  the  stop  lever  in'  the  "run"  position  and  using  a  screwdriver  press 
downward  on  the  injector  control  rack. 

a.  Rack  should  tilt  downward,  and  when  the  pressure  of  the  acrew  driver  is 
released,  the  control  rjick  should  "spring"  back  upward. 

b.  Adjust  the  inner  and  outer  adjusting  screws  to  obtain  this  condition. 

c.  At  this  point,  No.  IL  injector  rack  control  lever  is  fully  adjusted. 

d.  Tighten  both  the  inner  and  outeij  adjusting  screws  and  rccheck  adjustment. 

'895 
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13 •    Remove  olevis  pin  from  fxiel  rod  at  the  left  banl:  injector  c  r.trol  tube  lever. 

Ik.    Insert  the  cle-^/is  pin  in  the  fuel  rod  on  the  fight  cylinder  baii:  injector 
control  tube  lever  • 

a.    Adjust  No.  IR  injector  rack  the  same  ^ray  you  adjusted  Uo.  .IL. 
Instructor  Checl:  Point  ^    


15 •    Adjust  the  remaining  injector  rack  control  levers 

'   a.    Remove  cle''n.s  pin  from  the  fu^l  rods  and  injector  control  tube  levers, 

b.  Hold  injector  control  racks  in  the  full -fuel  position* 

c.  Turn  dovm  the  inner  adjusting  screu  of  the  injector  rack  control  lever 
until  the  screw  bottoms  (injector  control  rack  in  the  full  ruel  position) 

d.  Turn  down  outer  adjusting  screw  of  the  injector  rack  control  lever  until 
it  bottans  on  the  injector  control  tube, 

•    '  f 

e.  \Jhlle  still  holding  control  tube  lever  in  the  full -fuel  position  adjust 
the  inner  and  outer  adjusting  scre^^s  to  obtain  the  szue  condition  as 
outlined  in  step  12. 

-e*^UTIO?T:    Once  2^0,  IL  and  ITo,  IR  injector  racL  control  levers  are  adjusted 
do  not  try  to  alter  their  settings ♦ 

l6*    \'ihen  all  injector  rack  control  levers  are  adjusted,  recheck  their  settings* 

Instructor  Check  Point  

17,    Insert  the  clevis  pin  in  the  fuel  rods  and  the  injector  control  tube  levers* 

•Instructor  Check  Point  '  ' 

I,    Equalizing  racks  (inline  engine) 

1,  Disconnect  any  linlcage  attached  to  the  governor  stop  lever, 

2,  Back  out  the  buffer  screw  5/8"* 

3,  Loosen  all  of  the  inner  and  outer  injector  rack  control  lever  adjusting  screws* 
Instructor  Check  Point  [  

NOTE:    Be  sure  all  injector  rack  control  levers  are  "free"  on  the  injector 
control  tubes,  ■ 

k.    Move  speed  control  lever  to  maximum  speed  position, 

5,  Xlove  the  governor  stop  l^ver  to  the  "run";  position  and  hold  it  at  that 
position  ^riLth  light  finger  pressure, 

6.  Turn  the  inner  adjtisting  .screw  of  the  No,  1  injector  rack  control  lever  down 
until  a  slight  move^nt  in  the  governor  stop  lever  is  noted. 


ERIC 


?r-    *  '^9  of  13) 


Crf'A"  JS.  2.3.1.1 

Screw  outer  screw  in  until  it  bottoms  lightly  on  the  injector  control  tube 
a.  Tlgiitcn  Inner  and  outer  screws  altorniitoly 

8.  Miivo  liti*  K<»v<'rnnr  ntop  iovor  buck  nnd  lnv(h  a  lew  tiim»fl  and  note^ 
"riaiit-jng"  nhivonvMiC  oi  rho  tnj<»('li»v  nmtiiU  v«rk  wUon  the  utcip  luver  1h 
moved  to  the  "ruu"  pMflltlon. 

9.  Hold  the  stop  lever  in  the  '"run"  position  nnd  using  a  screw  driver  press 
downard  on  the  injector  control  rack. 

a.  Rack  should  tilt  downward,  and  when  the  pressure  of  the  screw  driver 
is  released,  the  control  rack  should  spritig  back  upward 

b.  Adjust  the  inner  and  outer  adjusting  screws  to  obtain  this  condition. 

c.  At  this  point,  No.  1  injector  rack  control  lever  i^  fully  depressed. 

d    Tigfiten  both  the  inner  and  outer  adjusting  screws  and  recheck  adjusted. 
Instructor  Check  Point 

10.  Adjust  the  remaining  injector  rack  control  levers 

a.  Remove  clevis  pin  from  the  fuel  rods  and  the  injector  control  tube 
levers. 

b.  Hold  injector  control  racks  in  the  full-fuel  position 

^    c.  Turn  down  the  inner  adjusting  screw  of  the  No.  2  injector  rack  control 
lever  until  the  screw  bottoms  (injector  control  rack  in  the  full-fuel 
position)  '  >  ' 

d.  Turn  down  outer  adjusting  screw  of  the  injector  rack  control  lever 
until  it  bottoms  on  the  injector  control. tube. 

e.  While  stj.ll  holding  control  tube  lever  in  the  full-fuel  position  adjust 
the  inner  and  outer  adjusting  screws  to  obtain  the  same  condition  as 

.^optlined  in  step  (9). 

^  -cklRPIONl:  Once  No.-  1- injector -rack-control  lever  is  adjusted,  do  not 
try  to  alter  the  setting 

11.  When  all  injector  rack  control  levers  are  adjusted  recheck  their  settings 

12.  Insert  t|ie  clevis  pin  in  the  fuel  rod  and  the  injector  control  tube  lever 
Instructor  Check  Point  

Idle  and  buffer  spring  adjustment 
1.  Start  engine  and  tun  until  warm 

a.  Stop  lever  in  run  position  83^ 

b.  Speed  control  lever  in  idle  position 
Ini true tot  Check  Point 


Crf'A"  JS.  2,3.1.1 


2   Adjuit  Idle  speed  acrew 


d.  Looeen  lock  nut  and  turn  Idle  speed  acrew  until  engine  idles  at 
rdcowMended  Idle  speed 

b.  Idle  speed  550  RPM  ^ 

Hold  Idle  speed  screw  and  tighten  lock  nut 

Instructor  Check  .Point  

3,  Adjust  buffer  screw 

a.  Engine  at  idle  speed 

b.  Turn  buffer  screw-"IN**  so  that  it  contacts  differential  lever  as 
lightly  as  possible  and  still  eliminates  engine  roll. 

* 

c^.Hold  buffer  screw  and  tighten  lock  nut 

NOTE:  Do  not  raise  engine  idle  speed  more  than  15  RPM  with  the  buffer 
screen 


Instructor  Check  Point 


K.  Load  llTDlt  device  adjustment  X6V  engines} 

1«  Mechanically  limits  the  travel  of  the  injector  racks  and  thereby  the 
fuel  output  of  the  injectors , 

2.  The  load  limiting  service  id  adjtisted  after  the  engine  turn-up  is  completed. 

a.  Loosen  load  limit  screw  lock  nut 

b.  Back  load  limit  screw  out  of  the  adjusting  screw  plate  until  1'*  of 
the  screw  is  below  plate 

c.  Adjust  load  limit  screw  lock  nut  so  bottom  of  lock  nut  Is  l-*3/4" 
from  bottom  of  load  liirfit  screw> 

d    Loosen  load  limit  lever  clamp  bol£s*so  the  lever  Is  ifree  to  turn  on 
the  injector  rack  control  tube  — 

e.  Thread  the  load  limit  screw  into  the  adjusting  screw  plate  until  the 
lock  nut  **bottoms"  against  the  top  of  the  plate. 

f .  Hold  Injector  rack  control  tube  in  the  full-fuel  position  aqd  place 
the  load  limit  lever  against  the  bottom  of  the  load  limit  screw.  Then, 
tighten  the  loadHtnit   lever  clamp  bolts 

g.  Check  to  ensure  that  the  injector  racks  will  just  go  Into  the  full-fuel 
position 
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a«  HoW  load  limit  screw  to  keep  it  from  turning,  then  set  the  lock 
nut  until  the  diatance  between  the  bottom  of  the  lock  nut  and  ' 
top  of  the  adjusting  screw  plate:  '  V 

y(l)  Corresponds  to  the  marking  on  the  adjusting  screw  plate 

y  i    Threed  load  limit^screw  into  the  plate  until  the  lock  nut  "bottoma" 

against    the  top  qf  the  plate 

"  j.  Hold  load  limit  screw  to  keep  it  from  tinrnlng,  then  tighten  the  lock 
nut  to  secure  the  settine. 

Instructor  Check  Point 

L«  Cooperation  with  team  mates 

l^^ives  and  takes  directions  equally  well 

2.  Correctly  interprets  instructions 

3.  Communicates  in  a  friendly  manner, 

4.  Provides  timely  suggestions  and  assistance  to  team  effort 

5.  Performs  efficiently 
Instructor  Check  Point    : 

M.  Shop  safety  /  '   v    .  '  %      .  . 

^     .  '  '      '  > 

1.  Handling  of  fuels 

2.  Handling  of  lubricants  * 

3.  Handling  of  batteries 

4.  CSbd  housekeeping 

.  5.  Observes  posted  safety  regulations 

6  .-Conforms  to- smoklitg-regula^t'lohr--"  r  -^-^  >^  ^  ^  — ^ —  ^ 

7*  No  skylarking 

Instructor  Check  Point 
N.  Use  of  tools 


1.  Accurate  tools  selection 


'89y 


ERIC 


/  19  />f  1*^  V 


Cl!"A»  JS.  2.3.1.1 

2.  Safe  application  of  tools 

3.  Reeling  and  interpretation  of  special  tools  and  »ea.uring  instruroent. 
A.  Care  of  tools  and  measuring  instruments         ,  " 
Instructor  Check  Point   

I1IS1RUC10R"S  NOIBS:   
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NAVAL  SCHOOLS  CONSTRUCTION  ^ 
PORT  HUBNEMB,  CALIFORNIA  93043  •  CMA. JS. 2.4. 1 .T 

^  COURSE  A-610-0OU  ^'^5^^ / 

TITLE;.  Maintenance  ot  Cummlna  N.H.  Diesel  Engines 

INTRODUCTKM! 

A.  The  purpose  of  this  lob  sheet  is  to  guide  you  in  the  proper  main- 
tenance of  the  Cuomins  NH-2S0  diesel  engine. 

B.  You  will  perform  maintenance  and  adjustments  on  the  Cuomins  NH-250 
diesel  engine.  ^ 

C.  You  will  accomplish  this,  using  safety  precautions,  In  accordance 
with  manufactures,  specifications. 

TOOLS  AND  EQUIPtffiNT; 

A.  Basic* mechanics  handtools 

B.  Cummins  NH-2S0  engines 
CMTOITIOWS; 

A.  Student  teams  of  three  (3)  students  each  are  assigned  to  a  Cummins 
NH*2S0  diesel  engine  to  accomplish  maintenance  procedures  for  this 
engine. 

B.  Each  team  Is  provided  with  all  required  tools  and  a  ^ob  sheet 
covering  the  maintertance  operation  to  be  performe4. 

C.  Preceding  the  shop  performance  'all  aspects  of  the  Job  with  necessary 
background  theory  and  demonstrations  by  the  Instructor  are  covered 

in  the  classroom  lecture/discussion.  /  ,  ' 

^  D.    You  will  not  oml^any  of  the  steps  In  tfre  procedure,  unless  told  to 
do  so  by  your  Instructor. 

E.  You  will  complete  all  steps  In  the  procedure  to  the  "Instructor  Check" 
point.    DO  NOT  proceed  beyond  this  point  until  you  Instructor  has 
checked  your  work  and  Initialed  your  job  sheet. 

F.  *  You  will  follow  job  sheet  closely  and  In  no  way  deviate  from  Its 

procedure.  , 

G.  You  will  obtain  from  the  Instructor  clarification  of  step  by  step 
^procedure  that  you  are  unfamiliar  with.  ^  . 

H.  Under  no  circumstances  will  tools  be  placed  on  the  engjfne  or  on  the 
deck.  ^ 

I.  Cleanliness  should  be  a  matter  of  personal  pride  and  it  Is  essential 
In  the  handling  of  engine  parts  and  tools,  also  the  area  In  which 

you  are  working.    Therefore,  keep  hands  and  tools  wiped  clean  and  ^  ^ 

keep  the  area  In  which  you  are  working  clean. 
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PROCEDURE:        '      .      *    .  \  . 

NOTE;    All  student  performance  vdll  conform  to  manufactures  specirica 
tions. 
•\A#    Pre -start  checks 

1.    Lubricating  oil 


J 


2.  Diesel  fuel 
a«    Adeq\iate  supply 

3.  _Cool&nt 

a.  Full 


U.    Hand  Craiilcing 


a.  '  3B.t  engine  through  two  (2)  complete  revolutions. 

(1)    To  reveal  frozen  parts  or  liquid  in  cylinder • 

b.  Do'not  attempt  to  start  engine  by /hand  cranlcing. 
Instructor  chedi  point  ^  


5*.    Throttle  position  for  starting 
a.    Idle  position  ^ 
^   '6#    I^^nual  solenoid '  control 
a.    Closed  position 
'  7#    Electrical  solenoid  control 

a.    Open  position 
B.    Check  exposed  moving  palrtsJPor  possible  obstructions 
^    a.    Check  completely  around  engine  ' 
,  Instruotpr  check, point/J  


3.    Starting,  operating  ai^d  securing  ^ 

1.  Pull  compression  release  (if  so  equipped)  ' 

2.  Push  starter  button  . 

3.  Close  compression  release  (if  so  equipped) 

•  4. 

a.    A^rtez*  3  or  i|-  seconds  of  craiUcing 

'902 
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4.  ^ Release  starter  button  when  «nginc  starts 


9*    Never  use  starting  motor  more  than  30  seconds  before 
allowing  it  to  cool  2^  minutes 


Check  gauges 

(1)  Lube  oil  pressure  50-70  psi 

(2)  'Generator  charging  rate 
Listen  for  t4nusual  noises 

Wacm  up*  s^peed     ^        *  •  . 

(1)  800  -  1000  RPM 

Accelerating  and  deceleratlng^uickly 
(1)  Permtsitble  if  situation  warrants 
.t2)  No  pec»lssible  for  "Hot  Rod'*  effect 


(a)  Causes  unnecessary  engine  wear  andr  twisting 
effort  on  crankshaft 


Instructor  check  poirij. 
Securing 


7 


a;    Remove  ^11  load. from  engine 

b.  Idle  engine  f or  ^  to  5^  minutes 
(1)  CocO-s  off  engine  hot  spots-- 

c.  Jurn  off  fuel  solenoid  switch 

(1)  Never  use  comprgession  release  mechanistic  to 
.'secure  engine  ^       ^  \ 

/•  ■  ■ 

(a)  Excessive  ;wear  will  occur  on  ~ 


push  ,rbdf,  sQcfcets/^  '   V'.  V 


d*    Emergency  shut  do\^  -  ^      ^  ; 

(1)  Pt  ^ump  -  "  .  ,  . 

•  '  *  * 

C    (a)  Use"  manual  shut  down,  switch,  or  ^overrtt^e^; 


.Instructor  check  point 
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service  fuelXpuop  filter 

1.    Remove  screen  and  magnet 

a.    Clean  screen  with  comprefrted  air 

b*    Wash  magnet"  off  Jn  aolvent  or  clean  diesel  fua.l. 
2»    Replace  magnet  and  acreto^in  pump 
Instructor  check  point  .  

,Belt  adjustment  ^  ^  


1.    Belt  tightening  procedure 

*^ 

a.  With  index  finger  extended  straight  out  from  the  hand 
depress  belt  at  mi4point  between  pulleys 

NOT^:    This  pressure  equals  approximaely  13  pounds  tb  belt 

b.  Determine  perm;(.8sible  deflection  based  on  belt  width 
and  span  between  pt^lleys  as  shown  in  table  below: 

BELT  TENSION  < 

BELT  WIDTH  DEFLECTION  PER  FT,  OF  SPAN 

172"  *  13/32" 

11/16"  13/32" 

 ..^^  j^^U^.   

^  7/8"  1/2" 

1"  9/16" 

c.  Adjusting"  tension  (pump  mounted  fan) 
(1)  Eccentric  mounted  water  pump 

^*         (a)  Loosen  water  pump  bolts 

(b)  Rotate  water  pump  body  in  bore  until  belts  ' 
\     ""have  required  tension 

d/  Adju8j;ing  tension  (bracket  twUn ted  fan) 

(1)  Loosen  adjusting  bolt  in' mounting  bracket  move 
bracket  to  obtain  proper  tension. 

e*    Water  pump  drive  belts  '(pump  mounted  on  eccentric) 

(1)  Loosen  pump  bolts 
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(2)  Rotate  pump  Inside  boce  to  obtain  proper  zeasloo 
according  to  table  ahoVe- 

# 

Instructor  check  point   

Servicing  scavenging '^st em 


I,    ftre-cleaner  -  construction  equipment 
a*    Remove  jar  or  pan 

b.   'Dump  out  diTt  wipe  or  blow  clean  and  replace  jar  or 
pan  on  equipm;&nt 


2,  Air  and  vapor  line  connections 
^    a/   Check  connections  for  leaks 

(1)  Tighten  or  repair  as  required 

3. ^^,  Air  cleaner  dry  type  ^ 

"flTT"  Clean  with  compressed  air 

(1)  Use  care  not  to  puncture  paper  element 

b.    Inspect  element  for  holes 

(1)  Element  should  be  replaced  if  it  has  holes  or 
other  damage  > 


4^-Crankcase  ventilator 

a.  Oil  bath  type 

'      1(1)' Remove  fjrom  engine  ' 

(2)  Drain  oil 

(3)  Wash  spreen  and  oil  cup  in  solvent 
(a)  Blow  dry  with  compressed  air 

(4)  Refill  <?il  cup  to  pfoper  level 

(5)  Reinstall  on  engine 

b.  Paper  type  are  replaced  not  cleaned 

7 

-Instructor  check  point  . 
Valve  adjustment 
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  T                   ,  . 

Pofltlon  no«  I  cylinder  for  valve  adjustment 

a«    Bar  engine  in  direction  of  rotation  until  Intake  valve\ 
on  no.  6  cylinder  starts  to  open  (push  rod  tightens) 

) 

b.    Continue  to  rotate  engine  until  1-6  vs  loark  on  accessory 
'  drive  pulley  atlgha  wJth  pointer 

V 

(1)  In  this  position  both  the  Intake  and  exhaust  vaXves 
'Will  be  closed  on  cylinder  no«  1  (push  rods  free) 

Instructor  check  point 

2. 

Valve  crosshead  adjustment 

a.    Loosen  the  adjusting  screw  Ipck  nut  and  back  off  the 
adjusting  screw  one  turn 

b.  Use  light  finger  pressure  at  the  rocker  lever  contact 
surfact  to  hold  crosshead  In  contact  with  the  valve 
stem  nearest  the  push  rod 

c.  Turn  the  adjusting  screw  down  until  It  contacts  Its 
mating  valve  stem 

d.  For  new  crosshead  and  guides »  advance  the  adjusting 
screw  20^  more  to  straighten  the  stem  In  Its  guide. 
Worn  crossheads  may  be  advanced  30^  to  straighten 
the  stem  In  Its  guide 

< 

—  -0 

e.    Hold  the  adjusting  screw  In  this  position  and  tighten 
lock  nut  to  spielfled  torque:    25/30  foot-pounds 

Instructor,  clieck  point 

3. 

;,Valve  adjustments  ^ 

/■ 

* 

a.    The.^aole  engine  position  used  In  setting  the  crossheads 
Is  used  for  setting  the  intake  and  exhaust  valves. 

b.    Make  ^ure  that  the  compresslbn  relefasis  is  in  the  run 
position  before^ setting  the  Intake  valves 

*- 

c^'^TurxT  ad  justing  screw  to"  obtain  specif  led^clearance 
between  the  rocker  lever  and  the  valve  crosshead. 
Tighten  locknut  to' specif led  torque 

>   NOTEr   Always  make  final  adjustments  of  the  valves  and 

injectors, with  the  engine  oil  temperature  at  140° 

(1)  Valve  setting  hot  intake  ,ai3"G0  .015"  NO  GO 

exhaust  .026''  GO '.028"  NO  GO 
Deduct  2  points  for  each  .001"  variation  from  - 
specified  clearance 

■  ERIC 
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4*    Continue  crosshead  and  valve  adjustments  in  firing  order 
sequence  1-5-3-6-2-4 


Instructor  check  point 


U8e  of  tools 


1.  Accurate  tool  oelection 

2.  Safe  application  of  tools 

3.  Reading  and  interpretation  of  special  tooU  and  measuring 
instruments 


Care  of  cools  ana  measuring  ti^struments 


Instructor  check  point 


Cooperation  with  team"mates 

1.  Gives  and  takes  directions  equally  well 

2.  Correctly  interprets  instructions 

3.  Communicates  in  a  friendly  manner 

4.  Provided  timely  suggestions  and  assistance  to  team  effort 

5.  Performs  efficiently      .  ^ 
Instructor  check  point   

Shop  safety 

1.  Handling  of  fuels 

2.  Handling  of  lubricants 

3.  Handling  ob  batteri^  . 

4.  Good  housekeeping 

5.  Observes  ported  safety  precautions 

Conforms  to,  smoking  regulations^  .    .  ,  

?•    No  skylarking  ^  / 

Instructor  check  point  • 
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